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VEGETATIVE  PROPAGATION  OF  SLASH  PIXE 


By 

Francois  Mergen 
Lake  City  (Fla.)  Research  Center 
Southeastern  Forest  Experiment  Station 

INTRODUCTION 

Slash  pine  (Pinus  elliottii  Engelm.)  is  considered  one  of  the  most  important 
forest  tree  species  in  the  United  States.    Its  wood  is  suitable  for  a  great  variety  of 
products,  and  the  living  tree  is  the  largest  source  of  oleoresin  in  the  United  States. 
Slash  pine  is  an  aggressive  invader  of  old  fields  and  reproduces  satisfactorily  under 
proper  management  practices.    Under  the  present  reforestation  program  in  the  South 
the  bulk  of  seedling  stock  is  slash  pine.    During  the  1953-1954  planting  season,  over 
260  million  slash  pine  seedlings  were  planted.    In  the  State  of  Florida  alone,  70 
million  slash  pines  were  made  available  from  public  and  private  nurseries  during 
the  1953-1954  planting  season.    This  large-scale  planting  program  depends  on  an 
adequate  supply  of  seed. 

Seed  buyers  are  under  pressure  to  obtain  sufficient  quantities  of  seed,  and  at 
present,  insufficient  attention  is  paid  to  seed  origin,  even  though  nurserymen  are  well 
aware  of  the  importance  of  heredity  in  slash  pine  seed. 

The  place  of  genetics  in  forestry  is  now  well  recognized.    The  best  time  to  apply 
genetic  principles  is  during  the  regeneration  period  when  outstanding  trees  can  be  se- 
lected as  parents  for  the  trees  in  the  new  stands.    The  extensive  planting  program, 
along  with  short  rotations  for  merchantable  timber  products,  makes  slash  pine  an  ex- 
cellent species  for  research  in  forest  genetics.  The  vast  reforestation  program  pre- 
sents great  opportunities  to  apply  genetics  to  forestry.    It  is  the  task  of  the  forest  gene- 
ticist to  work  toward  improved  planting  stock  by  developing  methods  to  produce  seed 
of  the  highest  possible  quality.  He  can  begin  by  working  with  the  wide  natural  variations 
occurring  in  forest  trees.    He  can  use  selected  trees  directly,  or  work  toward  better 
strains  by  recombining  desirable  characters  through  controlled  pollination.  Once 
superior  strains  of  slash  pine  have  been  located  or  developed,  clonal  plantations  or 
seed  orchards  will  be  established  to  produce  superior  seed  in  large  quantities.  This 
final  step  in  a  tree  improvement  program  must  be  preceded  by  numerous  studies,  such 
as  the  location  and  selection  of  trees  for  breeding  and  the  estimation  of  the  genotype 
and  breeding  characteristics  of  selected  trees.    Selection  in  the  forest  is  based  on  the 
phenotypical  appearance  of  the  tree;    its  hereditary  qualities  can  be  estimated  only  by 
observing  its  progeny  or  the  growth  of  rooted  cuttings,  branches,  or  grafts.    If  the 
superiority  of  an  individual  tree  or  strain  has  been  established,  these  can  be  multi- 
plied vegetatively  and  seed  orchards  can  be  established  by  grafting  scions  on  wildling 
plants . 

In  1941,  a  forest  tree  improvement  program  was  initiated  at  the  Lake  City, 
Florida,  Research  Center,  now  part  of  the  Southeastern  Forest  Experiment  Station. 
Through  the  application  of  genetic  principles,  its  objective  was  to  develop  strains  of 
pine  which  would  produce  large  yields  of  naval  stores  products.    At  first,  selection 
and  breeding  were  carried  out  with  that  objective  in  mind.    Since  then,  primary 
emphasis  has  been  placed  on  fast  growth  and  good  form. 

Because  vegetative  propagation  is  an  essential  part  of  this  program,  a  great 
deal  of  research  has  been  devoted  to  various  aspects  of  vegetative  propagation 
techniques.    Good  progress  was  made  but,  owing  to  the  size  of  the  problem,  much 
additional  research  is  needed  to  supply  answers  to  the  various  phases  of  asexual 


propagation.    The  object  of  the  present  investigation  was  to  determine  some  of  the 
factors  which  are  of  importance  in  rooting  and  grafting!/  slash  pine,  and  to  suggest 
workable  methods  for  vegetative  propagation. 


THE  PLACE  OF  VEGETATIVE  PROPAGATION  IN 
FOREST  TREE  IMPROVEMENT  PROGRAMS 

In  vegetative  reproduction,  plants  are  multiplied  without  fusion  of  the  male  and 
female  reproductive  cells.    This  type  of  asexual  reproduction  assures  progeny  with 
hereditary  characteristics  identical  to  those  of  the  parent.    In  vegetative  propagation, 
new  plants  are  established  as  the  result  of  somatic  cell  mitosis  of  the  meristems,  as 
compared  to  meiotic  division  which  is  associated  with  sexual  reproduction.    This  is 
the  important  factor  which  permits  rooted  cuttings  to  develop  true  to  form  without  any 
different  or  new  traits  from  a  second  parent.    The  degree  of  heterozygosity  does  not 
exert  any  influence  in  vegetative  regeneration,  and  the  propagules  of  a  particular 
plant  will  be  homogeneous  in  their  genetic  make-up  unless  a  mutation  occurs.  Thus, 
the  vegetative  method  of  propagation  is  a  helpful  tool  in  multiplying  or  preserving 
valuable  germ  plasm  and  in  estimating  the  genotype  of  selected  trees.    When  these 
propagules  are  outplanted  on  different  sites,  they  demonstrate  whether  or  not  a 
certain  trait  is  the  result  of  environmental  influence  or  of  the  plant's  genotype. 

Vegetative  propagation  has  always  been  of  great  ecological  significance  to 
forestry.    Some  of  the  pioneer  species  form  pure  stands  by  means  of  vegetative  propa- 
gation, and  many  aspen  stands  have  originated  from  one  single  tree.    New  shoots  sent 
out  from  the  root-system  of  a  harvested  tree  are  the  basis  of  many  coppice  silvicul- 
tural  systems.    Cuttings  are  used  to  establish  basket  willow  plantations.    These  im- 
portant aspects  are  based  on  the  natural  ability  of  the  species  to  reproduce  themselves 
vegetatively  under  wide  physiological  and  environmental  conditions.    Induced  vegetative 
propagation  of  forest  trees  received  little  attention  until  some  15  years  ago, when  for- 
esters with  foresight  started  to  produce  better  trees  for  reforestation.    It  soon  became 
obvious  that  this  method  of  reproduction  was  of  paramount  importance  to  the  success 
of  their  programs.  Different  methods  had  to  be  developed  for  the  various  species.  In 
spite  of  many  years  of  intensive  research  both  in  this  country  and  abroad,  there  still 
are  no  reliable  methods  for  vegetative  propagation  of  many  of  our  conifer  species. 
This  is  especially  true  of  slash  pine. 

A  tree  with  desirable  characteristics  can  be  increased  many  fold  and  without 
delay  by  the  propagation  of  rooted  cuttings  (Snow  and  Duffield,  1940).    Farmers  on 
Long  Island  have  maintained  the  shipmast  locust  as  a  pure  strain  by  this  method 
(Detwiler,  1937).    This  strain  of  locust  does  not  produce  a  good  seed  crop  and  the 
custom  has  been  to  propagate  it  vegetatively  by  digging  sprouts  in  an  established  grove 
and  outplanting  them  (Schwingle,  1937).    The  possibility  of  developing  rust -resistant 
pine  strains  by  rooting  cuttings  from  resistant  trees  was  mentioned  by  Mirov  (1937; 
1938).    Schreiner  (1937)  stressed  the  fact  that  tree  breeders  can  utilize  and  multiply 
without  delay  excellent  individuals  that  may  be  produced  at  the  various  stages  in 

1/    The  following  results  on  the  grafting  studies  are  available: 

F.  Mergen.    Grafting  succulent  slash  pine  scions.    Southeastern  Forest  Expt. 
Sta.  Research  Note  59.  •  1954. 

F.  Mergen.    Heteroplastic  micrografting  of  slash  pine.    Southeastern  Forest 
Expt.  Sta.  Paper  47,   17  pp.  1954. 

F.  Mergen  and  H.  Rossoll.    How  to  root  and  graft  slash  pine.  Southeastern 
Forest  Expt.  Sta.  Paper  46,  22  pp.  1954. 

F.  Mergen.    Anatomical  study  of  slash  pine  graft  unions.  Quart.  Jour.  Fla. 
Acad.  Sci.  17(4):  237-245.  1954. 

F.  Mergen.    Grafting  slash  pines  in  the  field  and  in  the  greenhouse.  Publication 
pending  in  Jour.  Forestry. 
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the  breeding  work.    Jacobs  (  1939)  felt  that  vegetative  reproduction  by  cuttings  offers 
definite  possibilities  of  producing  planting  stock  on  a  large  scale  for  reforestation 
work  in  Australia.  He  considered  it  as  the  method  which  offered  the  greatest  possibil- 
ity of  improving  the  general  quality  of  the  forests.  Mitchell  et_al.  (1942)  directed  all 
the  research  in  the  vegetative  propagation  of  selected  naval  stores  pines  toward  the 
development  of  effective  techniques  sufficiently  simple  for  use  under  large-scale 
nursery  conditions. 

Selection  of  "superior"  forest  trees  is  usually  carried  out  over  large  areas. 
Evaluation  by  comparison  with  the  surrounding  stand  makes  selection  difficult.  Site 
conditions  and  climatic  factors  vary  with  the  various  stands,  and  a  true  comparison 
between  the  selected  trees  is  not  possible.    By  vegetative  propagation  these  trees  can 
be  multiplied,  brought  together,  and  outplanted  in  test  plantations  on  various  sites  to 
compare  their  growth  habits. 

Syrach  Larsen,    a  pioneer  in  the  field  of  forest  genetics,  stressed  the  importance 
of  vegetative  propagation  in  a  talk  given  to  the  1936  International  Congress  of  Silvicul- 
ture in  Budapest  (Larsen,   19  36).    He  urged  foresters  to  consider  vegetative  propaga- 
tion not  only  for  the  purpose  of  preserving  the  most  luxuriant  trees,  but  also  to  estab- 
lish seed  plantations  to  supply  seed  for  practical  use.    In  a  later  publication  (Larsen, 
19  37),  he  elaborated  on  the  usefulness  of  vegetative  propagation  especially  as  a  means 
of  estimating  the  genotype  of  certain  individuals  and  obtaining  information  on  the  effect 
of  certain  climatic  factors  on  the  growth  pattern  of  forest  trees.    Swedish  tree  breeders 
have  established  field  trials  with  rooted  cuttings  from  selected  trees  to  test  their  geno- 
type (Johnsson,  1950),  and  in  Britain,  Matthews  (1952)  brought  selected  individual  forest 
trees  into  one  central  place  by  means  of  rooted  cuttings  and  grafts. 

During  the  period  between  1942-1948  this  method  was  used  to  assemble  rooted 
cuttings  from  selected  high-gum-yielding  slash  pines  at  Olustee,  Florida.    These  cut- 
tings were  collected  from  trees  growing  in  various  parts  of  the  naval  stores  belt.  They 
were  outplanted  on  a  uniform  site  to  protect  the  germ  plasm  of  the  selections  and  also 
to  obtain  an  estimate  of  the  genotype  of  these  trees.    Viscosity  of  oleoresin  from  cut- 
tings compared  with  that  from  the  parents  showed  that  viscosity  is  a  fixed  character  in 
slash  pine  (Mergen,  1954). 

Vegetative  propagation  has  also  been  resorted  to  by  Chiba  (1952)  to  facilitate  his 
controlled  pollination  work  with  Cryptomeria.    He  collected  cuttings  from  selected  trees 
before  the  ovulate  flowers  were  ripe.    Flower  buds  on  the  cuttings  developed  normally, 
and  successful  controlled  pollinations  were  carried  out. 

As  early  as  1831,  DeLamarre  proposed  to  graft  scions  from  superior  species  on 
trees  in  inferior  stands  to  establish  seed  trees  and  thus  assure  reproduction  from  these 
superior  trees  (Mirov,   1940).    This  method  of  propagation  was  not  resorted  to  until 
forest  tree  breeding  programs  were  started  in  various  countries  a  century  later.  At 
the  present  time  the  grafting  method  of  propagation  is  probably  the  most  important  one 
for  forest  tree  breeders. 

The  establishment  of  seed  orchards  to  supply  forest  tree  seed  of  tested  stock  is 
the  approach  used  in  most  forest  tree  improvement  programs.    These  seed  orchards 
are  stands  raised  and  managed  exclusively  for  the  production  of  forest  tree  seed. 
They  can  be  established  in  three  ways,  by  the  outplanting  of  seedlings  arising  from 
controlled  pollination,  by  rooted  cuttings,  or  by  grafted  stock. 

Slash  pine  seedlings  resulting  from  controlled  pollination  require  10-20  years 
before  they  start  producing  seed  in  large  quantities.    Rooted  slash  pine  cuttings  start' 
to  flower  at  an  early  age  (Mergen,   1953a),  but  this  method  of  propagation  will  require 
additional  research  before  a  relatively  large  number  of  the  selected  trees  can  be  mul- 
tiplied by  rooted  cuttings. 
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With  our  present  state  of  knowledge,  grafting  scions  of  proven  stock  is  the  best 
way  to  establish  seed  orchards  for  pines.    Grafting  of  forest  trees  often  gives  rise  to 
abundant  flowering  (Lindquist,   1948)  and  there  is  a  great  time -reduction  in  flowering 
following  grafting  (Zobel,  1953).    Zak  (1953)  estimated  that  grafted  pines  can  be  ex- 
pected to  produce  sizeable  cone  crops  8  years  after  establishment. 

Seed  orchards  have  been  established  in  many  countries.    The  Scandinavian 
countries  are  leaders  in  this  field.    At  many  of  the  tree  breeding  stations  in  Sweden 
and  on  the  continent,  grafted  material  has  been  used  to  great  advantage  in  controlled 
pollination  work  (Hitt,  1952).    Johnsson  (1947)  reported  that  in  Sweden  10,000  grafts 
are  made  each  year  for  seed  orchard  establishment.    In  1949,  the  first  grafts  were 
made  in  Finland,  and  by  1953  a  total  of  over  25,000  grafts  had  been  made  (Anonymous, 
1953).    The  Canadian  forest  tree  breeders  started  grafting  white  pine  in  the  spring  of 
1947  and  as  a  result  of  their  expanded  program  several  thousand  grafts  have  been 
made  (Heimburger,  1951).    Marquardt  (1951)  considered  the  establishment  of  seed 
orchards  from  insect-resistant  trees  as  a  possible  approach  to  obtain  Douglas -fir 
resistant  to  Adelopus  needle-cast  fungus. 

Besides  being  of  great  importance  in  the  establishment  of  seed  orchards, 
grafting  is  used  in  many  facilitating  studies.    Mirov  (1940)  treated  ponderosa  pine 
seed  with  colchicine  to  induce  polyploidy.    Most  of  the  seedlings  died  shortly  after 
germination  because  the  chemical  treatment  destroyed  the  radicle.    He  saved  some 
seedlings  by  grafting  them  on  healthy  root  stocks  and  thus  was  able  to  observe  their 
subsequent  development. 

Bingham,  et  al  (19  53)  used  vegetative  propagation  by  grafting  to  confirm  apparent 
resistance  to  blister  rust  in  their  white  pine  field  selections. 

The   Texas  forest  tree  improvement  program  uses  twin  grafts  to  assess  the 
importance  of  the  genetic  factor  in  determining  the  specific  gravity  of  loblolly  pine 
(Folweiler,  1953).    A  scion  from  a  tree  having  a  high  specific  gravity  and  a  scion 
collected  from  a  tree  with  low  specific  gravity  are  grafted  on  the  same  root  stock 
to  eliminate  the  effect  of  environment. 

As  early  as  1930,  the  multiplication  by  budding  of  rubber  trees  with  a  high  yield 
was  a  standard  practice  to  obtain  stands  having  uniformly  high  production  (Summers, 
1930). 

Mirov  (1951)  was  able  to  induce  early  flowering  in  five  different  pine  species 
by  grafting  their  seedlings  on  mature  ponderosa  pine  trees.  The  flowering  started 
at  the  beginning  of  the  third  growing  season,  which  was  2  years  after  the  seedlings 
were  grafted.    Grafted  slash  pine  seedlings,  however,  did  not  produce  flowers. 

Jackson  and  Zak  (1949)  used  a  variety  of  grafts  on  young  and  adult  shortleaf 
pines  to  test  the  virus  hypothesis  of  the  littleleaf  disease. 

This  review  indicates  that  vegetative  propagation  is  an  indispensable  tool  in 
forest  tree  improvement  programs.    Such  propagation  not  only  makes  possible  the 
multiplication  of  trees  without  changing  their  genetic  make-up  but  is  valuable  in  esti- 
mating their  genotype,  in  bringing  together  in  one  location  desired  plant  material  for 
seed  orchards,  and  in  preserving  selected  tree  plasm  and  thereby  prolonging  the  life 
of  trees.    In  addition  to  these  considerations,  vegetative  propagation  permits  one  to 
transplant  a  scion  onto  a  root  stock  which  can  survive  under  particular  conditions, 
change  a  dioecious  tree  into  a  monoecious  tree,  propagate  bud  mutants,  induce  flower 
formation,  study  virus  transmittal,  and  establish  propagules  of  one  individual  in 
distantly  located  areas.    Vegetative  propagation  has  proven  its  value  in  a  large  number 
of  approaches,  and  with  the  expansion  of  research  programs  it  will  probably  find 
application  in  other  new  fields. 


-  4  - 


With  our  present  knowledge  there  are  few  forest  tree  species  which  can  be  eco- 
nomically propagated  by  cuttings.  Much  research  is  needed  in  this  field.  The  Canadian 
tree  breeding  program  has  given  a  great  deal  of  attention  to  the  vegetative  reproduction 
of  forest  trees  (Johnson,  1945).  Farrar  (1947)  reporting  on  the  Canadian  work,  stated 
that  results  of  the  attempts  to  propagate  selected  individual  pines  by  cuttings  were  dis- 
appointing, and  that  they  indicate  the  urgency  of  further  work  in  vegetative  propagation 
techniques . 

GENERAL  OUTLINE  OF  THE  INVESTIGATION 

The  investigations  described  in  this  report  were  conducted  at  the  Lake  City, 
Florida,  Research  Center.    They  were  part  of  a  comprehensive  forest  tree  improve- 
ment program  which  has  as  its  objective  the  development  of  better  strains  of  slash 
pine  for  reforestation  work.    In  the  past,  the  lack  of  suitable  rooting  and  grafting 
methods  for  slash  pine  hindered  the  progress  of  the  project.    Thorough  study  of  the 
problem  was  essential  if  the  project  was  to  bring  satisfactory  results. 

The  investigations  were  separated  logically  into  two  main  sections,  namely 
vegetative  propagation  by  rooting  cuttings  or  b.anches,  and  vegetative  propagation  by 
grafting.    The  important  difference  between  these  two  types  of  propagation  is  the  en- 
vironment under  which  the  propagules  are  placed.    In  rooting  cuttings,  the  plant  part 
is  placed  in  sand,  soil,  peat-moss,  water  or  some  other  type  of  medium  and  induced 
to  form  its  own  roots.    In  grafting,  the  plant  part  is  placed  on  another  plant  part  and 
made  to  unite  with  and  grow  upon  this  plant  or  part  of  a  plant.    Results  of  the  graft- 
ing studies  have  been  reported,  and  this  paper  deals  with  propagation  by  rooting. 

The  greenhouse  experiments  were  conducted  in  the  greenhouse  of  the  Olustee 
Experimental  Forest,  with  the  exception  of  one  study  which  was  carried  out  in  a 
greenhouse  of  the  University  of  Florida  at  Gainesville.    Field  studies. were  carried 
out  in  the  Olustee  Experimental  Forest  and  in  the  Osceola  National  Forest. 

ROOTING  OF  SLASH  PINES 

Asexual  propagation  by  the  rooting  of  cuttings  is  the  method  used  by  horticul- 
turists to  propagate  most  of  their  ornamental  plants.    Although  this  technique  has 
been  practiced  for  several  thousand  years,  it  is  only  recently  that  extensive  research 
has  been  conducted  to  try  to  correlate  anatomical,  physiological,  and  environmental 
factors  with  the  rooting  response  of  cuttings.    Although  a  great  deal  of  information  has 
been  accumulated  on  rooting  experiments  with  horticultural  plants,  little  work  was 
done  in  the  rooting  of  forest  trees  until  1935  when  forest  genetics  became  of  interest. 

Because  cuttings  or  branches  are  genetically  identical  with  the  parent  plant,  this 
type  of  propagation  permits  direct  multiplication  of  genetically  superior  trees  and  also 
allows  the  estimation  of  the  genotype  for  such  characteristics  as  form,  growth  rate,  dis- 
ease and  insect  resistance,  gum  yield,  wood  structure,  and  other  similar  characteristics. 

Cuttings  or  branches  may  be  classified  according  to  the  stage  of  development,  or 
according  to  the  plant  part  used.    Past  results  with  cuttings  from  older  slash  pines 
have  shown  that  the  distal  points  of  branches  during  their  dormant  stage  are  best 
suited  for  propagation  by  cuttings.    Studies  have  shown  that  rooting  of  slash  pine  cut- 
tings from  mature  trees  is  physiologically  possible.    However,  the  percentage  of 
rooted  propagules  is  small,  and  slash  pine  can  be  considered  as  a  species  which 
regenerates  roots  with  great  difficulty.    Cuttings  from  1-  to  2-year-old  slash  pines 
root  easily.    This  is  of  little  value  to  forest  tree  improvement  programs,  where 
emphasis  is  placed  on  the  desirable  characteristics  of  mature  trees.  Therefore, 
methods  have  to  be  developed  which  allow  the  multiplication  of  mature  trees  by 
rooting  of  cuttings  or  branches. 
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Events  associated  with  the  generation  of  roots  from  cuttings  are  complex  and 
are  not  well  understood.    Anatomical  characteristics  of  cells  along  the  wound  deter- 
mine their  meristematic  abilities,  and  the  physiological  factors  influence  the  organi- 
zation and  differentiation  of  the  callus  tissue  which  is  formed.    These  internal  factors 
are  controlled  by  the  interaction  of  genetic,  nutritional,  and  developmental  factors 
which  are  influenced  by  environmental  conditions. 

One  of  the  major  problems  in  rooting  cuttings  from  conifers  is  to  keep  unrooted 
cuttings  alive.    The  importance  of  stored  carbohydrates,  nutrients,  and  growth  regu- 
lators to  the  formation  of  roots  are  factors  well  known  to  plant  propagators  and  plant 
physiologists.    By  chemical  treatment,  various  amounts  of  these  substances  can  be 
supplied.    If  the  relative  amounts  of  these  necessary  materials  can  be  augmented  in 
cuttings  without  damaging  the  tissue  or  upsetting  the  metabolic  balance,  a  favorable 
response  should  be  obtained  when  they  are  placed  in  a  suitable  rooting  environment. 
A  good  rooting  environment  also  presents  a  propitious  environment  for  pathogens; 
and  the  wound  of  the  cuttings  facilitates  access  for  fungi.    Therefore,  the  cuttings 
have  to  be  protected  from  microorganisms.    Either  the  rapid  development  of  a  pro- 
tective pellicle  or  the  use  of  an  effective  fungicide  should  help  to  minimize  fungal 
infection . 

The  rooting  experiments  were  designed  to  determine  some  of  the  limiting  factors 
which  control  the  rooting  of  slash  pine  cuttings  from  older  trees.    The  possibility  of 
inducing  roots  on  the  branches  while  they  are  still  attached  to  the  tree,  was  considered 
also.    Various  chemical  and  physical  treatments,  different  environmental  conditions, 
and  effect  of  season  were  investigated.    Results  for  each  experiment  are  reported 
separately  with  a  discussion  on  findings.    The  experimental  findings  of  the  various 
studies  are  brought  together  in  a  concluding  general  discussion  and  summary. 

Review  of  Literature  on  Vegetative  Propagation  by  Rooting 

Root  formation  in  cuttings  from  forest  trees  is  varied.    Some  species  regenerate 
roots  quite  readily  and  their  vegetative  propagation  does  not  present  a  serious  problem. 
However,  cuttings  from  some  species  or  even  individuals  within  a  species  or  variety 
are  refractory  to  rooting.    They  do  not  form  adventitious  roots  after  they  have  been 
placed  in  a  favorable  rooting  environment.    The  results  of  past  experiments  have 
shown  that  the  internal  and  external  factors  which  contribute  to  the  rooting  vary  from 
season  to  season  and  from  species  to  species.    A  review  of  some  of  these  factors  will 
help  to  a  clearer  understanding  of  this  problem. 

Effect  of  Age  of  Parent  Tree 

Results  of  the  various  experiments  are  in  agreement  with  regard  to  the  effect 
of  age  of  tree  on  the  rooting  ability  of  the  cuttings  (Knight,  1932;  Thimann  and  Delisle, 
19  39;  Deuber,  1940).    These  investigations  brought  out  the  fact  that  the  tendency  to 
form  roots  is  controlled  by  the  age  of  the  tree  from  which  the  cuttings  were  collected. 
Deuber  (1940)  noted  a  rather  definite  transition  from  a  relatively  high  rooting  response 
in  cuttings  from  4-year-old  white  pine  trees  to  a  moderate  rooting  response  when  the 
cuttings  were  collected  from  5-year-old  trees. 

More  than  90  percent  of  slash  pine  cuttings  from  young  trees  rooted  in  the  first 
trials  (Mitchell,   1942).    Cuttings  collected  from  older  trees  rooted  poorly  and  with 
much  difficulty  (Schopmeyer,   1943;  Dorman,   1947).    Downs  (1949)  made  a  study  to 
determine  at  what  age  the  rooting  capacity  falls  off  in  slash  pine  cuttings.    He  found 
that  rooting  and  survival  increased  as  the  age  of  the  tree  from  which  they  had  been 
collected  decreased.    Downs  considered  that  the  dividing  line  between  extensive  root- 
ing and  poor  rooting  probably  lies  between  2-year-old  trees  and  3-year-old  trees. 
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Type  of  Cutting  Material 


The  part  of  the  tree  from  which  cuttings  are  collected  has  a  marked  influence  on 
their  subsequent  rooting.    However,  this  effect  is  not  without  variation  and  appears  to 
change  with  the  different  species.    In  Quercus  and  Acer,  the  bases  of  young  plants 
rooted  better  than  the  apices,  and  in  Pinus  and  Picea  the  lateral  shoots  rooted  more 
readily  than  the  terminal  shoots  (Thim  ann  and  Delisle,   1939).    Karrar  (1947)  noted  that 
spruce  cuttings  from  the  lower  part  of  the  tree  root  best,  but  the  longer  cuttings  develop 
into  more  desirable  plants. 

Small  white  pine  cuttings  collected  from  the  lateral  twigs  survived  better  and  gave 
a  better  rooting  response  than  the  larger  cuttings  taken  from  the  terminal  shoots  (Deuber, 
1940).    Snow  (1940)  reported  that  white  pine  cuttings  which  had  been  collected  from  the 
side  shoots  of  the  lateral  branches  in  the  lower  part  of  the  tree  rooted  best.    Long  cut- 
tings of  Norway  spruce  were  superior  to  short  cuttings;  a  small  heel  of  the  previous 
year's  wood  inhibited  rooting  (Deuber  and  Farrar,   1940).    In  contrast  to  these  findings, 
Grace  and  Farrar  (1940),  reported  that  short  Norway  spruce  cuttings  rooted  in  greater 
numbers  than  long  ones. 

Allsop  (1950)  working  with  Pinus  radiata,  suggested  that  the  sunny  side  of  the 
crown  appears  to  be  the  best  part  from  which  to  collect  the  cuttings.    Removing  the 
needles  of  white  pine  cuttings  to  reduce  transpiration  does  not  appear  to  be  beneficial. 
Any  type  of  needle  removal  with  white  pine  cuttings  resulted  in  excessive  mortality 
(Snow,   1941b).    Runquist  and  Stefansson  (1951)  in  summarizing  their  rooting  results 
with  spruce  and  pine  cuttings  noted  that  the  lateral  shoots  root  better  than  the  terminal 
ones.    Slightly  lignified  cuttings  rooted  better  than  either  very  soft  or  very  woody  ones. 

In  earlier  studies  at  Lake  City,  the  bases  of  slash  pine  cuttings  were  prepared  in 
a  number  of  ways.    They  were  sliced  with  a  sharp  knife,  broken  by  hand,  pulled  from  the 
tree  (heels),  the  foliage  sprayed  with  Dowax,  and  the  needles  stripped  from  the  base 
(Schopmeyer,  1943;  Dorman,  1947;  Downs,  1949).    None  of  these  treatments  gave  re- 
sults better  than  those  obtained  with  cuttings  severed  with  an  anvil-type  clipper. 

Season  of  Collection 

In  the  collection  of  cuttings,  the  time  of  year  is  an  important  factor  and  in  many 
instances  the  success  or  failure  of  the  work  depends  on  this  factor.    Snow  (1938)  pointed 
out  that,  when  collecting  aspen  cuttings,  the  season  is  of  great  importance.    In  a  later 
study  Snow  (1939a)  demonstrated  that  sugar  maple  cuttings  obtained  about  the  middle  of 
June  rooted  satisfactorily,  whereas  cuttings  taken  after  the  middle  of  July  did  not  root 
to  any  appreciable  extent,  irrespective  of  chemical  treatment.    The  study  by  Deuber 
and  Farrar  (1940)  brought  out  the  importance  of  the  effect  of  season  when  dormant 
Norway  spruce  cuttings  were  collected.    The  average  rooting  increased  255  percent 
from  October  to  December,  whereas  the  rooting  capacity  of  the  cuttings  decreased  in 
January.    Thimann  and  Delisle  (19  39)  reported  similar  results.    Their  rooting  study 
with  conifers  showed  a  much  higher  rooting  response  in  the  winter  months  than  during 
the  summer. 

During  the  first  experiments  with  slash  pine  cuttings,  which  were  conducted  in 
outdoor  propagation  beds,  the  cuttings  collected  during  the  winter  season  did  not  sur- 
vive as  well  as  those  which  were  collected  during  the  summer  (Mitchell,  1942).  In 
later  studies,  Schopmeyer  (1943)  was  able  to  induce  roots  in  cuttings  collected  during 
October  by  placing  them  in  a  medium  which  was  supplied  with  bottom' heat.  Bottom 
heat  is  important  when  cuttings  are  rooted  during  the  winter  months.    The  results  of 
Dorman's  study  (1947)  indicated  that  October  and  early  November  are  the  best  periods 
to  collect  slash  pine  cuttings  for  rooting  in  the  greenhouse.    During  the  summer  the 
experimental  work  is  handicapped  by  the  lack  of  temperature  control. 
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Variation  Between  Trees 


Rooting  ability  not  only  varies  from  species  to  species,  but  there  is  also  a  pro- 
nounced variation  among  individuals  within  a  species.    Snow  (1939b;  1941c)  reported 
that  red  maple  clones  responded  differently  to  indolebutyric  acid  treatment.    He  con- 
cluded that  this  differential  rooting  ability  was  either  conditioned  by  an  inherent 
difference  in  natural  rooting  ability,  or  by  an  inherent  difference  in  response  to  the 
auxin  treatments.    Deuber  (1942)  also  reported  some  evidence  of  clonal  variation  in 
the  rooting  ability  among  individual  white  pine  trees. 

In  dioecious  species,  the  sex  of  the  tree  influences  the  rooting  of  cuttings. 
Snow  (1942)  reported  that  red  maple  cuttings  from  male  trees  rooted  better,  on  the 
average,  than  those  from  female  trees  but  that  there  were  both  high-  and  low-rooting 
clones  for  both  sexes.    The  great  variation  in  rooting  response  within  a  species  might 
be  of  a  general  enough  nature  to  necessitate  the  development  of  specific  methods  for 
the  selected  individuals  (Snow  and  Duffield,  1940). 

Duffield  and  Liddicoet  (1949)  used  the  rooting  method  as  a  guide  to  select 
superior  individuals  in  a  variable  hybrid  population.    They  found  that  wide  differen- 
ces occurred  in  rooting  ability  among  members  of  the  population  under  study. 

Rooting  experiments,  with  cuttings  from  selected  slash  pines  of  known  gum- 
yielding  capacity,  revealed  the  existence  of  wide  variations  in  rooting  between  trees 
(Dorman,  1947;  Downs,  1949).    It  appears  that  some  trees  are  evidently  easy  to 
propagate  by  rooted  cuttings. 

Chemical  Treatment 

About  the  year  1880,  Sachs,  a  German  botanist,  postulated  the  presence  of 
certain  substances  in  plants  which  regulate  the  development  of  the  specific  plant 
parts.    He  suspected  a  certain  "root -forming"  chemical  to  be  present  which  acts 
upon  the  underground  structures  of  the  plant  (Hanley,  1939).    There  was  little  support 
for  Sachs'  theory  until  a  chemical  which  had  a  regulating  effect  on  certain  plant  parts 
could  be  extracted  from  the  plant.    Sachs'  ideas  were  subjected  to  much  criticism  until 
Went  (1929)  reported  that  a  substance  extracted  from  plant  tissues  produced  a  marked 
stimulus  in  the  rooting  of  cuttings.    Since  the  time  Went's  work  was  published,  many 
investigators  have  become  interested  in  this  phase  of  plant  physiology.    As  a  result  of 
this  interest  the  scientific  literature  on  the  effect  of  natural  and  synthetic  rooting  sub- 
stances has  become  voluminous.    In  1939,  Pearse  (1939)  made  an  extensive  review  on 
the  practical  application  of  synthetic  growth  substances.    He  indicated  that  treatments 
with  the  various  substances  have  not  solved  all  the  problems  in  plant  propagation. 
Avery,  et  aL  (1947)  brought  out  the  fact  that  the  greatest  contribution  of  plant  hormones 
to  vegetative  propagation  is  earlier  root  formation,  and  in  some  plants  a  better  root 
system.    However,  not  all  plants  are  affected  in  this  way.    In  some  species  the  rooting 
ability  was  not  markedly  improved  by  treatment  with  hormones,  and  these  investigators 
stated  that  "thus  far  hormones  are  of  no  advantage  whatsoever  in  rooting  cuttings  of 
plants  that  are  never  known  to  root  without  them.  " 

The  most  common  methods  of  treating  cuttings  for  commercial  purposes  are 
soaking  of  the  bases  of  the  cuttings  in  an  aqueous  solution  of  growth  regulators, 
spraying  the  foliage,  or  dipping  the  bases  into  a  fine  talcum  powder  in  which  growth 
substances  have  been  mixed  (Hitchcock  and  Zimmerman,  1939;  Mitchell  and  Marth, 
1947).    Another  method  of  applying  root -promoting  substances,  although  not  widely 
used,  consists  of  smearing  a  mixture  of  the  substance  with  lanolin  over  the  bases  of 
cuttings  (Maxon  et  al,  1940). 

Hormone -treated  Pinus  radiata  cuttings  struck  roots  a  week  or  two  earlier  than 
the  controls  and  their  root  systems  were  larger  and  better  balanced  (Jacobs,  1939). 
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However,  Allsop  (1950)  did  not  find  a  significant  difference  in  the  effect  of  "Rootone" 
on  the  rooting  of  Pinus  radiata  cuttings.    Chemical  pre -treatment  of  the  base  of 
Norway  spruce  cuttings  with  plain  tap  water  or  with  indolebutyric  acid,  inhibited 
root  formation.    The  best  results  were  obtained  by  planting  freshly  collected  cuttings 
directly  in  a  sand  medium  (Deuber  and  Farrar,   1940).    Eastern  hemlock  cuttings, 
when  collected  during  the  fall,  are  good  examples  of  a  plant  adequately  supplied  with 
all  the  necessary  factors  for  rooting  except  auxin.    Cuttings  taken  from  old  trees 
rooted  exceedingly  well  if  they  were  treated  with  auxin  but  not  at  all  in  the  absence 
of  auxin  (Thimann  and  Delisle,  1939). 

Hitchcock  and  Zimmerman  (1939)  tested  the  effect  of  indolebutyric  acid, 
naphthaleneacetic  acid  and  indoleacetic  acid  on  cuttings  from  some  70  species.  In- 
dolebutyric acid  treatments,  regardless  of  method  of  application,  proved  to  be  the 
most  effective.    Griffith  (1940)  tested  cuttings  of  Douglas -fir  and  Sitka  spruce  with 
the  same  chemicals.    He  reported  best  response  with  indolebutyric  treatment.  His 
results  seemed  to  indicate  that  the  concentrations  which  have  optimum  effect  varied 
with  the  time  of  year  the  cuttings  were  taken.    Kirkpatrick  (1940)  found  indolebutyric 
acid  beneficial  in  his  trials  with  a  large  number  of  evergreens,  but  cuttings  of  the 
genera  of  Cedrus  and  Pinus  did  not  respond  to  the  treatment. 

The  response  to  chemical  treatment  is  greatly  affected  by  the  temperature  of  the 
medium.  Temperatures  below  60  degrees  Fahrenheit  decrease  effectiveness  of  growth 
substances  (Kirkpatrick,  1940). 

Cuttings  collected  from  the  younger  trees  respond  to  root -inducing  chemicals 
more  positively  than  those  from  older  trees.    The  treatment  of  hemlock  cuttings  with 
indolebutyric  acid  in  talcum  was  more  effective  when  cuttings  were  collected  from 
very  young  trees  than  from  trees  20  years  old  (Deuber,  1940).    Root  formation  could 
also  be  stimulated  in  white  pine  cuttings  when  they  were  collected  from  young  trees, 
but  similar  treatments  of  cuttings  collected  from  older  trees  were  effective  only  in 
a  few  cases  (Deuber,  1942).    Chemical  treatment  of  slash  pine  cuttings  from  very 
young  plants  also  was  found  to  be  beneficial  (Mitchell,  1942). 

Past  results  of  the  rooting  experiments  with  cuttings  from  mature  slash  pine 
trees  have  not  definitely  established  the  beneficial  effect  of  chemical  treatments 
(Schopmeyer,  1943;  Dorman,  1947;  Downs,  1949).    Results  varied  from  year  to  year 
and  with  different  trees.    A  total  of  290  chemical,  physical,  and  environmental  treat- 
ments have  been  used  in  outdoor  and  greenhouse  propagation  experiments.    None  of 
the  treatments  or  treatment  combinations  gave  consistently  better  results;  many 
times  results  in  the  following  years  contradicted  conclusions  of  the  earlier  studies. 
Cuttings  have  rooted  under  more  than  35  types  of  treatments.    These  conditions  ranged 
from  no  treatment  to  the  most  complex  chemical  treatment  with  growth  regulators, 
vitamins,  nutrients,  sugar,  and  fungicide . 

Medium  and  Environment 

Sterile  sand  is  most  widely  used  as  a  propagation  medium  because  sand  is 
cheap,  easily  obtainable,  and  retains  moisture  fairly  well.    Other  materials,  either 
in  a  mixture  with  sand  or  separately  are  often  superior  to  sand.    However,  there  is 
no  standard  mixture  which  gives  best  results  with  all  species.    Hitchcock  (1928)  re- 
ported from  his  study  of  different  types  of  rooting  media  that  the  various  species  have 
specific  requirements  as  to  acidity  and  aeration.    Grace,  et  aL(  1940)  obtained  best 
results  with  a  sand-peat  mixture.    They  related  the  pronounced  sximulation  of  new 
growth  in  a  sand -peat  mixture  to  a  nutrient  factor  from  the  peat.    Deuber  (1940), 
however,  found  sand  to  be  superior  to  either  peat,  or  a  mixture  of  sand  and  peat. 
The  advantage  of  vermiculite  as  a  propagating  medium  for  rooting  conifer  cuttings 
was  demonstrated  by  Matthews  (1953). 
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Grace  and  Farrar  (1940),  working  with  Norway  spruce  cuttings  found  a  change 
in  effect  of  media  as  the  season  progressed.    With  cuttings  collected  during  March, 
the  addition  of  peat  moss  to  the  propagating  medium  had  a  significantly  injurious  effect, 
whereas  in  a  similar  experiment  four  months  earlier  a  beneficial  effect  resulted  from 
the  mixture . 

Builder's  sand  was  used  in  most  of  the  past  experiments  with  slash  pine  cuttings. 
Sphagnum  moss,  shredded  redwood  bark,  and  mixtures  of  50  percent  and  75  percent 
of  bark  with  sand  have  been  used,  but  best  results  have  been  attained  with  sand  alone 
(Dorman,  1947). 

Root  formation  in  many  types  of  cuttings  is  hastened  if  the  rooting  medium  at 
the  base  of  the  cutting  is  kept  at  a  warmer  temperature  than  the  air  which  surrounds 
the  top  of  the  cutting  (Price  and  Hurd,   1932).    Temperature  control  of  the  medium  is 
especially  important  when  root -inducing  hormones  are  used,  as  they  appear  to  become 
inactivated  at  the  lower  temperatures  (Kirkpatrick,   1939).    After  an  initial  cool  period, 
these  substances  cannot  be  reactivated  by  raising  the  temperature. 

Growth  of  Cuttings 

When  a  number  of  plants  are  propagated  vegetatively  from  one  seedling  or  bud 
sport,  they  are  known  collectively  as  a  clon  or  clone,  and  the  individual  plants  of  such 
a  clone  are  known  as  ramets  (Stout,   1929).    In  agriculture,  many  plants  have  been  pro- 
pagated vegetatively  through  centuries  without  a  loss  in  vigor.    Investigation  of  reported 
cases  of  supposed  senescence  in  clones  have  proven  that  environmental  or  disease  fac- 
tors were  the  causal  agents  (Schreiner,   1937).    From  evidence  Pawsey  (1951)  had 
gathered,  he  believed  that  deterioration  in  vigor  would  not  likely  ensue  from  the  repeat- 
ed vegetative  propagation  of  Monterey  pine.    He  observed  that  there  was  a  striking 
uniformity  within  the  clones  of  Monterey  pine  in  such  attributes  as  vigor,  limb  size, 
type  of  branching,  nature  of  bark,  and  the  size,  shape  and  distribution  of  the  cones. 

Cuttings  collected  from  the  lateral  branches  of  Picea  retain  a  plagiotropic  growth 
habit  for  some  years  after  they  have  rooted  (Thimann  and  Delisle,  1939;  Farrar,  1947). 
This  phenomenon  is  not  evident  in  Pinus,  and  the  rooted  lateral  branches  seem  to  grow 
as  straight  as  the  terminals  (Thimann  and  Delisle,   1939).    Rooted  white  pines  started 
from  rooted  cuttings  showed  very  little  evidence  of  plagiotropic  growth,  but  the  growth 
was  slower  and  growth  features  were  more  erratic  than  in  plants  raised  from  seed.  In 
addition,  the  root  system  did  not  produce  a  tap  root  but  spread  laterally  instead  (Farrar, 
1947).    Rooted  slash  pine  cuttings  show  an  orthotropic  growth  habit  (Mergen,  1953a), 
but  they  have  a  tendency  to  develop  a  unilateral  root  system. 

Experiment  1.    Effect  of  Mode  of  Chemical  Treatment, 
Treatment  Under  Vacuum,  and  Storage  of  Cuttings, 
on  the  Rooting  of  Slash  Pine  Cuttings 

In  regular  nursery  practice  the  bases  of  cuttings  are  treated  under  normal 
atmospheric  pressure  with  the  growth  regulators,  nutrients  or  sugar.    So  far,  this 
type  of  treatment  has  not  given  any  significant  beneficial  effect  with  slash  pine  cut- 
tings.   In  healthy  plants  the  root  growth  hormones  travel  from  the  buds  downward  to 
the  root  system,  whereas  mineral  elements  travel  in  the  opposite  direction.  When 
cuttings  are  stored  for  a  short  period  under  warm  and  moist  conditions,  callus  growth 
is  stimulated.    This  growth  helps  to  protect  the  cuttings  against  fungi.    In  this  study, 
half  the  slash  pine  cuttings  were  stored  for  2  weeks  before  they  were  treated.  An 
attempt  was  made  to  stimulate  root  formation  by  treating  the  needles  of  the  cuttings 
with  the  growth  regulators  and  treating  the  bases  under  reduced  pressure  with 
nutrients.    Several  of  the  most  promising  root -forming  substances  were  tested  in  a 
mixture  with  root  growth  factors,  mineral  elements,  sugar,  and  a  fungicide . 
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Review  of  Literature 

The  movement  of  auxin  in  a  vascular  plant  has  certain  characteristics  which  dis- 
tinguish it  from  the  translocation  of  the  plant  solutes.  In  undamaged  plants,  auxin 
moves  only  from  the  apical  buds  of  the  plants  downward  and  this  polar  movement  hinders 
the  upward  movement  of  auxins.    This  translocation  of  auxins  is  not  entirely  the  result 
of  a  diffusion  process  but  it  is  dependent  upon  expenditure  of  energy  (Bonner  and  Galston, 
1952).    Oserkowsky  (1942)  was  interested  in  auxin  movement  in  perennial  stems  during 
the  dormant  period.    He  studied  transport  of  auxin  in  pear  and  apple  twigs  during  the 
resting  period  as  well  as  during  the  active  period.  Native  auxins  moved  almost  entirely 
in  a  basipetal  direction.    When  native  auxin  was  applied  externally  by  means  of  agar 
blocks,  it  was  transported  basipetally  and  no  measurable  transport  could  be  detected 
in  the  opposite  direction.  However,  the  transportation  of  synthetic  auxin-like  substances 
in  the  resting  twigs  was  both  polar  and  apolar.    He  ascribed  the  apolar  movement  to  a 
diffusion  process  through  the  lumina  of  dead  cells  and  through  cell  walls,  the  direction 
of  transport  being  determined  by  the  concentration  gradient. 

Red  maple  cuttings,  treated  for  3  hours  with  the  three  growth-substances,  indole- 
butyric,  indoleacetic,  and  naphthaleneacetic  acids  at  concentrations  of  100,  200,  and 
400  ppm.,  showed  a  differential  response  in  both  percentage  rooting  and  type  of  roots 
produced  with  the  different  chemicals  (Snow,  1941a).    Indolebutyric  acid  appeared  to 
be  the  best  of  the  growth  substances  tested,  with  indoleacetic  acid  decidedly  inferior 
to  either  of  the  two  other  chemicals  for  red  maple.    Beneficial  effects  of  these  growth 
regulators  have  been  reported  by  a  large  number  of  investigators  and  they  are  widely 
used  in  commercial  plant  propagation. 

If  roots  are  to  be  grown  successfully  in  vitro  they  need  traces  of  vitamin  B^  in 
the  medium.    Bonner  (1937)  considered  vitamin  B^  to  be  a  hormone-like  substance 
regulating  root  growth.    However,  Tincker  and  Unwin  (1939)  reported  that  in  their 
rooting  experiments  with  plants  responding  to  growth  substances,  the  addition  of 
aneurin  (vitamin  B^)  had  only  a  small  effect.    The  addition  of  aneurin  increased  the 
number  of  rooted  cuttings  in  only  half  their  experiments. 

The  auxins  are  of  primary  importance  in  the  initiation  of  root  primordia,  and 
other  growth  factors  are  necessary  for  the  growth  and  full  development  of  these  pri- 
mordia.   The  substances  necessary  are  not  synthesized  in  the  roots  but  are  trans- 
located downward  from  the  leaves.  The  root  growth  factors  known  at  present  are 
thiamine,  nicotinic  acid,  and  pyridoxine.    Roots  of  some  plants  will  not  grow  unless 
pyridoxine  is  synthesized  in  the  leaves  and  translocated  to  the  roots,  or  is  added  to 
the  growth  medium  (Bonner  and  Galston,  1952). 

Adding  mineral  nutrients  and  sugar  to  the  treating  solution  did  not  show  any 
consistent  effect  on  slash  pine  cuttings  (Schopmeyer,  1943;  Dorman,  1947;  Downs, 
1949).    Summer  cuttings  showed  a  better  survival,  while  the  effect  on  fall  cuttings 
was  not  as  great  and  in  some  cases  the  treated  cuttings  did  not  survive  as  long  as  the 
controls.    Grace  and  Thistle  (1939),  however,  observed  beneficial  effects  when  they 
treated  cuttings  of  Lonicera  tartarica  for  a  24-hour  period  in  a  0.1-percent  nutrient 
solution.    The  use  of  a  nutrient  solution  produced  a  significant  stimulation. 

The  conventional  method  of  treating  cuttings  with  a  root -promoting  solution 
is  to  submerge  the  base  of  the  cuttings  into  the  solution  under  normal  atmospheric 
conditions.    In  order  to  improve  on  the  technique  of  rooting  plant  materials, 
Butterfield  and  McClintock  (1939)  treated  their  cuttings  under  a  vacuum  of  29  inches 
of  mercury  in  a  solution  of  growth-promoting  substances.    When  they  treated  their 
cuttings  for  a  period  of  4  hours,  subsequent  growth  of  the  plants  was  not  inhibited. 
Easily  rooted  cuttings  responded  well  to  the  vacuum  treatment.    Roots  which  developed 
after  soaking  the  cuttings  in  a  solution  of  indolebutyric  acid  were  thin  and  short,  but 
cuttings  which  had  received  the  vacuum  treatment  had  well-developed  roots. 
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Stoutemeyer,  et_al.  (1940)  considered  the  success  in  chemical  treatment  of 
locust  hardwood  cuttings  dependent  upon  the  formation  of  callus  on  the  basal  ends  of 
the  cuttings  before  the  chemical  treatment.    Cuttings  which  were  well  callused  before 
treatment  were  not  injured  by  the  concentrations  necessary  to  induce  abundant  rooting. 

Schopmeyer  (1943)  obtained  greater  survival  and  rooting  of  slash  pine  cuttings 
when  the  cuttings,  which  were  collected  during  October,  were  stored  upright  in  wet 
sphagnum  moss  for  2  weeks  at  85  F.  before  they  were  planted.    The  data  from 
Dorman's  experiment  (Dorman,  1947),  however,  invariably  indicated  a  decrease  in 
survival  for  both  summer  and  fall  cuttings  receiving  a  storage  treatment.  Duplica- 
tion of  environment  from  year  to  year,  even  in  the  same  greenhouse,  is  extremely 
difficult,  in  fact  practically  impossible.    This  makes  the  isolation  of  one  single  treat- 
ment effect  out  of  several  complex  treatments  an  almost  impossible  task. 

Experimental  Methods 

Collection  of  cuttings.  -  -On  October  13,  1952,  the  660  cuttings  used  for  this  ex- 
periment were  collected  from  10  slash  pines  20-25  years  old  growing  in  an  old-field 
stand  on  the  Osceola  National  Forest.    The  trees  had  well-developed  crowns  and  were 
in  a  vigorous  growing  condition.    The  results  from  previous  rooting  experiments  in- 
dicated that  October  and  early  November  were  the  most  desirable  periods  for  collect- 
ing slash  pine  cuttings.    However,  the  environment  in  a  greenhouse  is  confounded  with 
season  of  collection. 

The  cuttings  were  collected  from  the  distal  points  of  the  middle  and  upper  part 
of  the  crown;  large  succulent  cuttings  from  the  topmost  branches  were  not  used.  To 
avoid  inherent  rooting  difficulties,  the  cuttings  collected  from  the  10  trees  were  mixed 
before  they  were  allocated  at  random  to  the  various  treatments. 

Treatments 

A.  Chemical  treatment. 

1.  Basal  ends  of  cuttings  were  submerged  in  a  solution  (called  Solution  1) 
containing  25  ppm.  indolebutyric  acid,  12  ppm.  indoleacetic  acid,  12  ppm.  naphthalene- 
acetic  acid,  0.4  percent  nutrients,2-'  5  ppm.  thiamine,   1  ppm.  nicotinic  acid,  1  ppm. 
pyridoxine,  5  percent  sucrose,  and  20  ppm.  sodium  pentachlorophenate  (fungicide). 

2.  Upper  part  of  cuttings  were  submerged  in  a  solution  (called  Solution  2) 
containing  25  ppm.  indolebutyric  acid,  12  ppm.  indoleacetic  acid,  12  ppm.  naphtha- 
leneacetic  acid,  5  ppm.  thiamine,  1  ppm.  nicotinic  acid,  and  1  ppm.  pyridoxine. 

After  this  treatment,  the  cuttings  were  reinverted  and  placed  with  their 
bases  in  a  solution  (called  Solution  3)  containing  0.4  percent  nutrients,  5  percent 
sucrose,  and  20  ppm.  sodium  pentachlorophenate. 

B.  Vacuum  treatment. 

1.    Treatment  under  atmospheric  pressure,  30"  Hg.    The  treatments 
under  normal  pressure  conditions  were  carried  out,  using  60  cuttings  at  one  time,  in 
a  pail  with  2  liters  of  solution.    About  1^  inches  of  the  cuttings  were  submerged.  The 
pails  were  placed  in  a  shaded  location  in  the  laboratory  during  treatment.  Using 
chemical  treatment  Al,  the  bases  were  submerged  for  a  24-hour  period.  With 
treatment  A2,  the  needles  were  submerged  for  a  20-hour  period  in  Solution  2,  after 
which  they  were  placed  with  their  bases  in  Solution  3  for  a  24 -hour  period. 


2/    Commercially  available  soluble  HYPONEX  was  used  in  all  of  these  studies. 
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2.    Treatment  under  one-half  atmospheric  pressure,  15"  Hg.  Treatment 
under  vacuum  was  done  in  large  desiccators.  For  the  15"  Hg.  treatment  with  Solution 
1,  the  cuttings  were  brought  to  a  pressure  of  15"  Hg.  in  a  closed  system  containing 
Solution  1  in  the  well  of  the  desiccator.  They  were  suspended  in  bundles  of  4  above  the 
solution  in  the  desiccator  during  evacuation  of  the  air  (fig.  1).  After  the  pressure  had 
reached  15"  Hg.  they  were  lowered  with  their  bases  into  the  solution  and  the  pressure 
was  allowed  to  return  to  normal  (fig.  2).  This  cycle  was  repeated  two  more  times. 
During  this  procedure,  the  air  was  evacuated  from  the  intervascular  spaces  and  thus 
the  growth  regulators  and  nutrients  entered  the  cuttings.  After  the  third  cycle  was 
completed,  the  cuttings  were  left  in  the  solution  for  an  additional  2-hour  period. 

Treatment  in  Solution  2  at  15"  Hg.  followed  the  same  procedure  as  out- 
lined in  the  previous  paragraph.    However,  the  upper  parts  of  the  cuttings  were  sub- 
merged to  the  same  depth  into  the  solution  containing  the  growth  regulators.  After 
this  treatment,  the  cuttings  were  placed  under  normal  pressure  conditions  with  their 
bases  in  Solution  3  containing  the  nutrients,  sugar  and  the  fungicide  for  a  24-hour  period. 

C.    Storage  treatment 

1.  Treatment  immediately  after  collection. 

2.  Storage  in  sphagnum  moss  for  a  2 -week  period  prior  to  treatment.  Cut- 
tings receiving  the  storage  treatment  were  placed  in  a  wooden  box  containing  a  10-inch 
layer  of  moist  sphagnum  moss.    The  tops  of  the  cuttings  were  covered  with  a  light 
layer  of  sphagnum  moss  which  was  kept  moist  at  all  times.    This  maintained  a  high 
humidity  around  the  cuttings  and  also  allowed  good  aeration  around  the  bases.  The 
temperature  of  this  precallusing  medium  was  kept  at  85  F.  by  means  of  a  thermo- 
statically controlled  lead-sheathed  heating  cable. 

For  analysis  of  the  data,  treatment  with  Solution  1  at  1  atm.  without  storage 
treatment  was  the  standard  for  the  comparison.    In  addition  to  the  8  treatments  out- 
lined above,  untreated  checks  with  and  without  storage  were  planted  for  general 
comparisons . 

Design  of  the  Experiment  in  Greenhouse 

The  experiment  was  designed  for  statistical  analysis,  using  a  2  x  2  x  2  factorial 
design.    This  type  of  design  allows  for  the  simultaneous  comparison  of  the  effects  of 
the  direct  factors  and  their  interrelations.    The  cuttings  were  planted  in  two  random- 
ized blocks  with  30  individuals  per  treatment  per  block.    They  were  placed  in  the  two 
north  propagation  benches  in  the  Olustee  Experimental  Forest  greenhouse.  Clean 
sand  was  used  as  a  rooting  medium  and  the  cuttings  were  spaced  at  4  x  5  inches 
(fig.  3).    The  temperature  in  the  sand  beds  was  kept  between  80    and  85  F.,  using 
thermostatically  controlled  heating  cables. 

No  fixed  watering  schedule  was  used  during  the  13-week  duration  of  the  experi- 
ment.   An  automatic  overhead  spray  system  covered  the  cuttings  with  a  fine  spray  for 
1  minute  out  of  every  10-minute  cycle  during  the  daylight  hours.    This  schedule, 
however,  was  very  flexible  and  whenever  undue  drying  of  the  cuttings  was  noticed  it 
was  changed  to  provide  more  water. 

The  glass  roof  of  the  greenhouse  was  cleaned  of  any  residual  whitewash  to  let 
the  maximum  amount  of  light  reach  the  cuttings.    They  obtained  full  sunlight  from 
10  a.m.  until  4  p.  m. 
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Figure  1.  --Chemical  treatment  of  cuttings  under  reduced  air  pressure.  Step  1.  The  bundle 
of  cuttings  are  suspended  above  the  solution  while  the  air  is  evacuated  from  the  desiccators. 


Figure  2.  -  -Chemical  treatment  of  cuttings   under  reduced  air  pressure.  Step  2.  After  the 
air  in  the  desiccators  was  brought  to  a  pressure  of  15"  Hg.,  the  cuttings  were  lowered  into 
the  solution,  and  the  pressure  was  allowed  to  return  to  normal. 
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Figure  3.  -  -General  view  of  cuttings  in  propagation  beds  in  the  greenhouse.  The  cuttings 
were  spaced  at  4  x  5  inches  and  planted  in  sterile  sand.  Slash  pine  cuttings,  being  large, 
require  a  great  deal  more  space  than  most  other  conifer  cuttings. 

Collection  of  Data 

Survival  counts  of  the  cuttings  were  taken  at  2 -week  intervals  beginning  4  weeks 
after  the  day  of  planting.    A  cutting  was  considered  dead  if  a  large  proportion  of  the 
needles  had  turned  brown,  or  when  most  of  the  needles,  although  still  green,  could  be 
stripped  off  with  a  gentle  pull.    The  final  count  of  rooted  cuttings  was  made  on  January 
13,  1953,  when  the  experiment  was  discontinued  and  the  cuttings  were  lifted.  The  base 
of  each  cutting  was  washed  clean  to  observe  its  condition.    Cuttings  listed  as  alive  were 
dissected  to  check  their  condition. 

Results  on  Survival  and  Rooting 

The  survival  of  the  cuttings  is  graphically  represented  in  figure  4,  where  survi- 
val percentages  are  plotted  against  time  after  collection.    Data  on  the  number  of  cut- 
tings which  survived  12  weeks  after  collection  and  those  which  had  produced  roots  are 
summarized  and  expressed  as  percentages  in  table  7  of  the  appendix.    An  analysis  of 
variance  was  made  of  the  survival  percentages  using  an  angular  transformation.  It 
is  quite  evident  that  there  was  a  decided  difference  in  survival  under  the  various  treat- 
ments.   The  over-all  rooting  response  was  very  poor  and  the  meager  data  on  root 
formation  were  not  suited  to  an  analysis -of -variance  procedure.    Many  cuttings  had 
formed  callus  on  their  bases  without  developing  roots  and  in  many  instances  the  callus 
had  turned  brown  and  rotted  away. 

Survival  of  the  cuttings  reflected  the  effect  of  treatment  and  it  was  felt  that  the 
data  on  survival  were  of  value  in  indicating  the  physiological  effects  of  the  various 
treatments.    Table  1  gives  results  of  the  analysis  of  variance  on  survival  of  the  cut- 
tings in  the  main  part  of  the  factorial  experiment,  while  analysis  results  of  the 
comparisons  with  the  untreated  checks  are  given  in  table  2.    The  treatment  effects 
and  the  interaction  between  treatments  will  be  discussed  under  their  appropriate 
headings. 
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Table  1.  --Analysis  of  variance  of  cuttings  alive  after  a  12-week  period.  All 
data  were  transformed  by  the  angular  transformation  (Bliss,  1937) 


Source  of  variation 

Degrees 

of  freedom 

Mean 

square 

Block 

1 

63. 

52 

Treatment 

7 

139. 

62 

Solution 

1 

78. 

68 

Pressure 

1 

12. 

18 

Storage 

1 

780. 

64** 

Solution  x  pressure 

1 

4. 

77 

Solution  x  storage 

1 

14. 

96 

Pressure  x  storage 

1 

1. 

50 

Solution  x  pressure  x  storage 

1 

84. 

64 

Error 

7 

61. 

34 

**  Exceeds  mean  square  error,  1 -percent  level  of  significance. 


Table  2. --Analysis  of  variance  of  cuttings  (checks)  alive  after  a  12-week  period. 

Untreated  checks  with  and  without  storage  treatment  were  compared 
with  cuttings  receiving  treatment  with  Solution  1  at  30"  Hg.  All  data 
were  transformed  by  the  angular  transformation  (Bliss,  1937) 


Source  of  variation  Degrees  of  freedom  Mean  square 


Block 

1 

20. 

257 

Treatment 

3 

257. 

710 

Storage 

1 

744. 

401* 

Chemical  treatment 

1 

20. 

384 

Storage  x  chemical  treatment 

1 

8. 

344 

Error 

3 

38. 

462 

*  Exceeds  mean  square  error,  5-percent  level  of  significance. 


Effect  of  Technique  of  Chemical  Treatment 

Immersion  of  the  needles  in  the  growth  regulator  solution  with  subsequent 
basal  treatment  with  nutrients,  sugar,  and  a  fungicide  did  not  affect  the  ability  of  a 
cutting  to  survive  or  produce  roots.    They  did  not  differ  significantly  from  the  con- 
trol in  respect  to  survival  after  the  12 -week  period.    The  interaction  with  other 
treatments  was  not  significant. 

Effect  of  Vacuum  Treatment 

The  data  on  survival  after  vacuum  treatment  did  not  show  any  significant 
treatment  effects  and  the  interaction  between  other  treatments  was  not  significant. 
The  vacuum  treatment  apparently  did  not  damage  the  cuttings,  as  the  rate  of  mortal- 
ity was  the  same  as  that  of  the  cuttings  not  treated  under  vacuum. 
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Effect  of  Storage  Treatment 

There  was  a  highly  significant  difference  between  the  survival  of  the  cuttings 
planted  immediatelv  after  collection  and  those  which  were  stored  in  sphagnum  moss 
for  a  2 -week  period.    The  effect  of  the  preplanting  storage  was  depressing.  Without 
storage  19.2  percent  of  the  cuttings  had  survived,  and  after  storage  only  6.  3  percent; 
the  values  given  are  the  averages  for  both  pressure  treatments  and  method    of  treat- 
ment.   However,  the  interaction  between  the  other  treatments  was  not  significant. 
Figure  4  clearly  illustrates  the  depressing  effect  of  the  storage  treatment. 

Comparison  of  the  Untreated  Checks 

Rooting  of  the  untreated  cuttings  was  of  the  same  order  as  that  of  the  treated 
ones.    The  experiment  failed  to  detect  any  significant  effect  of  the  growth  regulators, 
mineral  elements,  sugar  and  a  fungicide  on  survival  or  rooting  of  the  cuttings.    It  is 
apparent  that  the  storage  of  the  untreated  and  treated  cuttings  reduced  the  survival. 
The  difference  was  significant  at  the  5 -percent  level. 

Discussion  and  Conclusions 

None  of  the  treatments  tested  had  any  significant  beneficial  effect  on  the  root- 
ing of  cuttings.    Survival  of  the  cuttings  was  quite  good  and  compared  favorably  with 
that  obtained  on  the  average  in  previous  rooting  experiments  with  slash  pine.  The  two 
propagation  benches  used  for  this  experiment  received  a  great  amount  of  solar  radia- 
tion and  this  resulted  in  heating  and  drying  of  the  needles  during  the  "off"  period  of 
the  sprinkler  system,  which  probably  accounts  for  the  low  number  of  rooted  cuttings 
obtained.    Downs  (1949)  reported  a  decrease  in  survival  with  increasing  amounts  of 
sunlight  during  summer  rooting  experiments  with  slash  pine  cuttings  in  the  greenhouse. 
Results  of  the  experiments  during  the  winter  months,  however,  contradicted  his  earlier 
findings  .    The  glass  of  the  greenhouse  was  painted  white  for  nis  experiments  and  con- 
sequently only  a  small  percentage  of  the  rays  reached  the  needles  of  the  cuttings. 

In  his  rooting  experiments  with  five  conifers  and  three  broadleaved  species, 
Heitmuller  (1952)  also  found  that  direct  sunlight  hindered  rooting,  but  that  there  was 
no  difference  betwen  cuttings  rooted  in  darkness  and  in  indirect  sunlight.  Conifer 
needles  can  assimilate  under  various  light  intensities  and  do  not  require  direct  solar 
rays  for  photosynthesis.    Vekhow  (19  34)  recommended  diffused  light  of  sufficiently 
high  intensity  for  optimum  rooting  conditions.    He  considered  the  shading  of  beds 
which  are  supplied  with  bottom  heat  as  extremely  important.    When  white  pine  cuttings 
were  watered  from  above  while  strong  sunlight  was  upon  them,  they  were  injured  as  a 
result  of  burning  of  the  foliage  (Doran,  1946). 

The  chemical  composition  of  the  treating  solution  was  a  slight  modification  of 
that  which  was  first  used  by  Mitchell,  et  aL  (1942)  in  their  attempts  to  develop  satis- 
factory rooting  methods.    The  chemical  treatments,  however,  had  no  positive  effect 
on  survival  or  rooting.    The  needle  color  of  the  cuttings  treated  under  vacuum  changed 
to  a  pronounced  dark  green  within  a  day  after  treatment.    This  was  probably  the  result 
of  excess  uptake  of  mineral  elements.    The  color  returned  to  normal  within  one  week 
after  treatment. 

It  is  noteworthy  that  chemical  treatment  had  no  positive  effect  on  the  rooting  of 
cuttings;  the  effect  of  rooting  medium,  high  air  temperature  and  fungus  attack  probably 
overshadowed  any  possible  beneficial  effect  of  the  chemical  treatment.    When  informa- 
tion on  a  more  dependable  rooting  environment  has  been  obtained,  critical  tests  can  be 
made  to  isolate  the  effect  of  certain  chemical  treatments. 
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Most  of  the  cuttings  stored  in  sphagnum  moss  had  a  well-developed  protective 
pellicle  over  the  wounded  surface  and  on  better  than  50  percent  of  the  cuttings  callus 
formation  had  started.    None  of  the  wounds,  however,  was  completely  covered  by 
callus.    The  rapid  callus  formation  was  probably  the  result  of  good  aeration  around 
the  bases,  along  with  the  high  temperature  of  the  sphagnum  moss.    This  environment 
was  also  favorable  for  fungus  growth,  and  hyphae  were  evident  on  the  wounded  sur- 
face on  a  large  number  of  the  stored  cuttings.    The  pronounced  decrease  in  survival 
as  a  result  of  this  storage  c  an  probably  be  attributed  to  fungal  infection.    The  wounded 
surface  of  the  cuttings  became  infected  and  the  parenchymatous  tissue  around  the  base 
of  the  cuttings  was  destroyed  before  the  callus  covered  the  wound.    At  the  start,  the 
fungus  attack  probably  proceeded  parallel  with  the  development  of  the  callus,  but  later 
on  spread  all  over  the  tissues  of  the  lower  portion  of  the  cutting  and  hindered  the  move- 
ment of  sap  between  the  newly  formed  callus  and  the  base  of  the  cutting.    Snow  (1938) 
also  reported  the  rotting  of  the  bases  of  aspen  cuttings  after  they  had  formed  abundant 
callus.    Deuber  (1940)  foTowed  the  method  outlined  by  Stoutemeyer,  et  al.  (1940)  for 
precallusing  cuttings.    These  conditions  caused  white  pine  cuttings  to  callus  promptly, 
but  rotting  of  the  stem  bases  was  rapid  and  severe.    This  fungus  infection  could  be 
overcome  by  sterilizing  the  sphagnum  moss.    However,  if  a  favorable,  well  aerated, 
sterile  rooting  medium  is  used,  it  is  hard  to  visualize  any  possible  beneficial  effect 
to  be  obtained  by  this  storage  treatment. 

The  results  of  this  experiment  point  strongly  toward  the  importance  of  environ- 
ment, and  further  studies  should  be  directed  toward  improving  the  present  conditions 
under  which  cuttings  are  rooted. 

Experiment  2.    Effect  of  Chemical  Treatment  and 
Rooting  Media  on  the  Rooting  of  Slash  Pine  Cuttings 

When  placed  in  a  favorable  rooting  environment,  the  life  of  the  cutting  largely 
depends  on  the  nutrients  and  carbohydrates  which  were  present  in  the  cuttings  before 
they  were  severed  from  the  tree.    Supplementing  these  stored  products  by  supplying 
nutrients  and  carbohydrates  through  the  foliage  while  the  cuttings  are  in  the  propaga- 
tion bench  should  result  in  a  higher  survival  of  these  cuttings.    Good  aeration  of  the 
medium  favors  root  growth  in  most  plants.  In  this  study,  treated  cuttings  were  planted 
in  two  types  of  media.   They  were  supplied  with  nutrients  and  carbohydrates  through- 
out the  rooting  period.    The  treating  solution  used  was  similar  to  Solution  1  in  Experi- 
ment 1,  except  that  traumatic  acid  was  substituted  for  the  three  root -forming  substance. 

Review  of  Literature 

If  cuttings  can  be  kept  fresh  and  green  for  a  long  enough  period,  they  will  strike 
roots  sooner  or  later.    Many  cuttings  possibly  die  because  of  nutritional  deficiencies. 
Albino  corn  plants  usually  die  within  a  short  time,  since  they  are  unable  to  synthesize 
carbohydrates  (Srb  and  Owen,  1952).    But  if  such  plants  are  nurished  by  placing  their 
leaves  in  a  sugar  solution,  they  may  survive  for  several  months  and  develop  as  many 
leaves  as  normal  green  corn  plants.    However,  if  the  roots  of  the  albino  plants  are 
placed  in  a  similar  sugar  solution,  the  plants  do  not  develop  as  well.    Direct  nourish- 
ment through  the  needles  is  more  effective  than  feeding  through  the  roots.  Experiments 
reported  by  Fisher,  et  ai.  (1948)  indicated  the  possible  beneficial  effect  on  the  setting 
of  apples  by  spray  applications  of  urea  in  water  solution.    Nutritional  sprays  take 
advantage  of  the  ability  of  the  plants  to  absorb  the  elements  through  their  leaves,  and 
spray  applications  of  deficient  elements  have  become  a  common  practice  in  Florida's 
citrus  industry  (Camp,  1953).    Stoate  (1950)  was  able  to  correct  nutritional  disorders 
in  Monterey  pine  planted  in  New  Zealand,  by  spraying  a  solution  of  commercial  zinc 
sulphate  on  the  needles. 
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The  control  of  the  environment  during  rooting  is  most  important  to  keep  the 
cuttings  alive.    Sand  is  probably  the  most  widely  used  rooting  medium  but  investiga- 
tions show  that  it  is  not  always  the  best  material  for  rooting  cuttings  (Grace  and 
Farrar,  1940).    A  variety  of  materials,  either  in  mixture  with  sand  or  alone,  is 
sometimes  greatly  superior  to  sand  alone.    Vermiculite,  manufactured  by  exploding 
mica  under  intense  heat,  is  widely  used  as  a  medium  for  rooting  cuttings.    It  is 
chemically  inert,  pleasant  to  handle,  and  gives  excellent  results  for  rooting  various 
horticultural  plants  (VVatkins,  1952).    In  his  rooting  experiments  with  redwood  cut- 
tings, Matthews  (1953)  noted  that  rooting  was  far  superior  if  the  cuttings  were  planted 
in  peat,  vermiculite,  and  mixtures  of  peat  and  vermiculite.    Pure  quartz  sand  gave 
the  lowest  rooting  response  out  of  12  different  types  of  media  tested. 

Experimental  Procedure 

Collecticr.  c:  the  cuttings  .  -  -  The  cuttings  for  -.his  experiment  were  collected  or 
October  13,  1952,  along  with  those  for  Experiment  1.    The  conditions  of  collection 
as  indicated  on  page  12  were  used. 

A.  Chemical  treatment 

1.  The  bases  of  the  cuttings  were  treated  for  a  24-hour  period  in  a  solution 
(called  Solution  4)  containing  25  ppm.  traumatic  acid,  5  ppm.  thiamine,   1  pom.  nico- 
tinic acid,  1  ppm.  pyridoxine,  0.4  percent  nutrients,  5  percent  sucrose,  and  20  ppm. 
pentachlorophenate  (fungicide).    The  cuttings  were  placed  in  pails  containing  2  liters 
of  the  solution,  and  about  1^  inches  of  the  bases  of  the  cuttings  were  submerged. 

After  the  basal  pretreatment,  the  cuttings  were  planted  in  propagation 
benches.  Ttps  of  several  of  the  needle  fascicles  were  placed  in  a  glass  vial  containing 
a  solution  of  5  percent  sugar  and  0.1  percent  nutrients  (Hyponex).    The  needles  were 
kept  in  place  by  cotton  stoppers  (fig.  5).    Special  wooden  racks  held  the  vials  in  position. 
The  vials  were  exchanged  every  3  weeks  with  new  ones  containing  a  fresh  supply  of 
solution  to  minimize  adverse  effects  of  fermentation  and  fungus  infection. 

2.  Cuttings  receiving  treatment  A2  had  the  same  basal  treatment  as  under 
Al.    After  the  cuttings  were  planted  in  the  benches,  they  were  sprayed  twice  a  week 
with  a  solution  containing  11  percent  sugar  and  0.2  percent  nutrients  (Hyponex).  Spray- 
ing was  done  during  the  early  morning  before  the  sprinkler  system  started  to  operate. 
Polyethylene  spray  bottles  were  used;  and  each  cutting  was  covered  with  a  fine  spray 
for  about  a  3 -second  period.    The  solution  and  spray  bottles  were  stored  in  a  refriger- 
ator to  prevent  fermentation  of  the  solution. 

3.  Cuttings  planted  without  chemical  treatment  (control). 

B.  Rooting  media 

1.  Clean  fine  sand. 

2  .  Equal  mixture  of  sand  and  vermiculite  by  volume. 

Design  cf  Experiment  in  Greenhouse 

The  experiment  was  designed  for  a  3  x  2  factorial  analysis  and  the  cuttings  were 
planted  in  two  randomized  split  plots  with  30  cuttings  in  each  of  the  12  individual  plots. 
The  location  of  the  treatments  was  assigned  by  the  use  of  random  numbers. 
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Figure  5.  -  -Three  cuttings  receiving  treatment  Al.    The  tips  of  several  of  the  lower  needle 
fascicles  of  each  cutting  were  submerged  in  a  sugar  and  mineral  element  solution.    The  cotton 
stoppers  held  the  needles  in  place  in  the  vials. 

The  cuttings  were  spaced  at  4  x  5  inches  in  the  rooting  media,  which  was  main- 
tained at  a  temperature  of  about  80  to  85  F.  by  the  use  of  thermostatically  controlled 
heating  cables.    The  medium  was  not  firmed  after  the  cuttings  were  inserted. 

The  sprinkling  system  was  kept  at  a  flexible  schedule.  During  most  of  the  ex- 
periment the  overhead  nozzles  sprayed  a  fine  mist  on  the  cuttings  during  the  daylight 
hours  for  1  minute  out  of  every  10 -minute  cycle.  This  schedule  was  changed  when- 
ever there  was  an  indication  of  drying  of  the  cuttings  in  order  to  provide  more  water 
to  the  beds.  The  beds  were  shaded  all  day  and  did  not  receive  direct  sunlight  during 
the  experiment. 

Collection  of  the  Data 

Survival  counts  of  the  cuttings  were  taken  every  2  weeks,  starting  4  weeks  after 
collection.    The  cuttings  were  lifted  carefully  and  each  base  was  washed  clean  in  a 
pail  of  water  for  examination.    Cuttings  recorded  as  being  alive  were  dissected  to 
study  the  condition  of  the  stem. 

Results 

The  data  on  survival  are  represented  graphically  in  figure  6,  where  average 
survival  percentages    are  plotted  against  time  elapsed  since  collection.  Differential 
effects  of  the  chemical  treatments  and  media  on  the  rooting  response  are  given  in 
table  8  of  the  appendix.    The  results  of  the  analysis  of  variance  on  rooting  percentages 
are  reproduced  in  table  3. 
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Figure  6.  -  -Survival  of  slash  pine  cuttings. 

The  sand-vermiculite  mixture  gave  a  significantly  better  rooting  response.  The 
best  rooting,  36.  6  percent,  was  obtained  by  planting  the  cuttings  without  any  chemical 
pretreatment  in  propagation  benches  filled  with  sand-vermiculite  mixture. 

The  chemical  treatments  tested  failed  to  improve  rooting  of  the  slash  pine  cut- 
tings.   Application  of  nutrients  by  spraying  cuttings  twice  a  week  reduced  survival 
significantly  in  both  the  sand  and  sand-vermiculite  beds. 

At  the  time  the  cuttings  were  lifted,  most  of  the  surviving  cuttings  had  formed 
a  satisfactory  callus  cover  over  the  wound.    Root  formation,  however,  was  quite 
varied.    Some  cuttings  had  formed  several  roots  with  satisfactory  secondary  branch- 
ing.   The  largest  root  was  4  inches  in  length,  while  on  some  cuttings  root  development 
had  just  begun  and  was  only  a  few  mm.  in  length  (fig.  7).    No  relationship  between  root 
length  and  either  position  in  propagation  bed,  treatment,  medium,  or  type  of  cutting 
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was  apparent.    No  rooting  was  observed  in  the  absence  of  callus.    Most  roots 
emerged  toward  the  edge  of  the  callus  collar  and  continued  growth  in  a  downward 
direction.    In  several  instances  the  roots  grew  horizontally  at  right  angles  to  the 
stem  of  the  cutting. 

A  large  percentage  of  the  cuttings  which  rooted  had  well-formed  male  catkins. 
The  presence  of  both  male  and  female  flowers  on  slash  pine  cuttings  appear  to  be  of 
little  or  no  consequence. 

Table  3.  -  -Analysis  of  variance  of  cuttings  which  rooted  after 
a  14-week  period.    All  data  were  transformed  by 
the  angular  transformation  (Bliss,  1937) 


Source  of  variation 


Degrees  of  freedom      Mean  square 


Block 
Medium 
Error  (a) 


0.  827 
312. 834* 
0.  827 


Treatment 

Treatment  x  medium 
Error  (b) 


150.289* 
20. 916 
18. 679 


*    Exceeds  mean  square  error,  5-percent  level  of  significance 


Figure  7.  --Rooted  slash  pine  cuttings  illustrating  characteristic  types  of  rooting.    The  roots 
at  left  developed  in  a  downward  direction  and  were  branched.    The  root  on  the  cutting  at  the 
right  grew  at  right  angles  to  the  cutting,  making  a  very  unsatisfactory  type  of  root  system. 
Root  initials  in  both  cuttings  formed  in  the  callus  rim.    Note  staminate  flowers  on  the  cuttings 
at  right. 


-  23  - 


Discussion  and  Conclusions 

The  outstanding  feature  of  this  experiment  was  the  beneficial  effect  of  vermicu- 
lite  in  the  rooting  medium.    Beneficial  effects  from  vermiculite  mixtures  as  rooting 
media  have  been  recognized  previously  (O'Rourke  and  Maxon,   1948;  Pridham,  1948; 
Matthews,  1953),  but  this  is  the  first  time  that  vermiculite  was  tested  with  slash  pine 
cuttings.    The  high  average  level  of  rooting  attained  in  this  experiment  can  be  largely 
attributed  to  the  sand-vermiculite  propagation  medium,  along  with  the  shading  of  the 
beds.    Since  results  with  untreated  cuttings  surpassed  those  with  chemical  treatment, 
and  rooting  in  the  sand-vermiculite  mixture  was  better  than  in  pure  sand,  it  can  be 
concluded  that  the  physical  nature  of  the  medium  is  of  greater  importance  than  chem- 
ical treatment  when  propagating  under  suboptimum  conditions.    Aeration  and  moisture 
retention  are  among  the  characteristics  to  look  for  in  a  good  rooting  medium,  and 
various  chemical  treatments  can  express  their  relative  effects  on  cuttings  only  if  they 
are  growing  in  a  favorable  environment. 

Foliage  spray  with  the  nutrient  solution  had  a  significant  depressing  effect.  Ex- 
amination of  bases  of  the  cuttings  and  needle  fascicles  showed  heavy  fungus  infections. 
The  supply  of  nutrients  favored  a  large  population  of  micro-organisms  which  destroyed 
the  parenchymatous  tissues  of  the  cuttings. 

The  presence  of  male  catkin  primordia  in  Monterey  pine  hindered  the  rooting  of 
cuttings  according  to  Jacobs  (1939).    He  recommended  that  shoots  which  show  evidence 
of  male  catkins  be  rejected.    The  results  of  previous  experiments  with  slash  pine 
(Dorman,  1947)  as  well  as  those  of  this  study  did  not  show  any  relationship  between 
sex  and  flower  development  of  a  cutting  and  its  subsequent  rooting.    These  results 
appear  to  contradict  Jacobs'  findings.    Both  male  and  female  flowers  developed  on  the 
rooted  cuttings  while  they  were  in  the  propagation  beds.    Duff ie Id  and  Liddicoet  (1949) 
reported  that  cuttings  of  the  hybrid  P.  attenuata  x  radiata  bearing  male  catkins  rooted 
readily. 

Survival  and  rooting  of  the  untreated  cuttings  in  the  two  unshaded  beds  used  in 
this  experiment  was  significantly  greater  than  in  the  two  propagation  benches  used 
in  Experiment  1.    Cuttings  used  in  both  experiments  were  collected  from  the  same 
trees,  the  sand  was  maintained  at  the  same  temperature,  and  the  spray  schedules 
were  very  similar.    The  only  difference  in  environment  was  the  direct  insolation  of 
the  benches  used  in  Experiment  1.    Therefore,  it  can  be  concluded  that  direct  insola- 
tion has  a  detrimental  effect  on  the  survival  of  slash  pine  cuttings  planted  in  the 
greenhouse  during  the  fall  and  winter  months. 

Experiment  3.    Applicability  of  Closed  Propagation  Frame 
and  Chemical  Treatment  to  the  Rooting  of  Slash  Pine  Cuttings 

This  experiment  was  designed  to  obtain  information  on  the  applicability  of 
closed  propagating  frames  to  the  rooting  of  slash  pine  cuttings  collected  during  the 
month  of  October.    Cuttings  of  the  same  species  behave  differently  when  they  are  sub- 
jected to  slightly  different  environments  during  the  rooting  period. 

Experimental  Methods 

A  closed  propagating  frame  was  made  available  for  this  study  by  the  Horticulture 
Department  of  the  University  of  Florida,  in  Gainesville.    The  raised  propagating  frame 
was  located  in  a  large  greenhouse  and  the  sash  over  the  case  was  fitted  with  glass.  The 
minimum  temperature  in  the  greenhouse  was  thermostatically  controlled  and  bottom 
heat  was  supplied  to  the  beds  only  by  the  pipes  of  the  heating  system.    The  rooting 
medium  in  the  frames  was  fine  builder's  sand,  and  high  humidity  was  maintained  in 
the  greenhouse  at  all  times  by  watering  the  walks  at  various  intervals  during  the  day. 
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The  closed  propagation  frames  in  this  greenhouse  are  used  for  teaching  and  demon- 
stration purposes.    They  provide  a  favorable  environment  for  rooting  the  cuttings  of 
most  horticultural  plants. 

Four  treatments  were  used  in  this  experiment  and  the  cuttings  were  planted  in 
a  randomized  block  design.    Two  blocks  with  25  cuttings  for  each  treatment  per  block 
were  used.    The  following  chemical  treatments  were  selected  for  the  study: 

1.  Basal  part  of  cuttings  treated  for  a  24 -hour  period  in  a  solution  containing 
the  following  ingredients:    25  ppm.  indolebutyric  acid,  12  ppm.  indoleacetic  acid, 
12  ppm.  naphthaleneacetic  acid,  0.4  percent  complete  nutrient  solution,  5  ppm. 
thiamine,  1  ppm.  nicotinic  acid,  1  ppm.  pyridoxine,  5  percent  sucrose,  and  20  ppm. 
sodium  pentachlorophenate  (fungicide). 

2.  Treatment  for  a  24-hour  period  in  a  solution  containing  the  following  ingred- 
ients:   25  ppm.  traumatic  acid,  5  ppm.  thiamine,  1  ppm.  nicotinic  acid,  1  ppm.  pyri- 
doxine, 0.4  percent  complete  nutrient  solution,  5  percent  sucrose,  20  ppm.  sodium 
pentachlorophenate . 

3.  Cuttings  stored  for  a  2 -week  period  in  sphagnum  moss  maintained  at  85°F. 
After  the  storage  treatment  the  cuttings  were  treated  as  under  1. 

4.  Untreated  cuttings  (Control). 

The  cuttings  for  this  study  were  collected  on  October  15,  1952,  using  the  same 
criteria  as  for  the  previous  studies.    Immediately  after  the  cuttings  were  planted  in 
the  frame,  the  rooting  medium  was  soaked  and  the  sash  closed  down  to  maintain  a 
high  relative  humidity  around  the  cuttings.    The  frame  was  covered  with  several  layers 
of  paper  to  exclude  most  of  the  light  and  decrease  transpiration  of  the  cuttings.  The 
cover  was  lifted  each  day  to  permit  sprinkling  the  needles  with  a  mist -like  water  spray. 
The  paper  shades  were  removed  completely  after  a  2 -week  period  and  the  frame  was 
aerated  for  short  periods  each  day.    Ventilation  was  increased  whenever  saprophytic 
fungi  became  evident.    The  sash  was  left  open  during  the  latter  part  of  the  experiment 
(fig.  8). 


Figure  8.  -  -Propagation  frame  in  the  greenhouse  of  the  Horticulture  Department  of  the 
University  of  Florida,  Gainesville.    The  cover  was  closed  during  the  early  part  of  the 
experiment,  but  the  high  incidence  of  saprophytic  fungi  made  it  desirable  to  keep  the  cover 
open  and  allow  for  more  ventilation.    This  type  of  environment  was  not  satisfactory  for 
rooting  slash  pine  cuttings. 
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Results  and  Discussion 


Survival  data  taken  at  various  periods  during  the  experiment  are  given  in  table 
9  of  the  appendix.    Survival  of  cuttings  was  very  low,  although  survival  and  rooting 
of  cuttings  of  other  species  in  the  frames  alongside  the  one  used  for  this  experiment 
showed  excellent  survival  and  rooting. 

Humidity  in  the  frames  was  probably  the  depressing  factor.    It  appears  that  the 
daily  watering  of  the  medium  did  not  supply  enough  moisture  to  the  slash  pine  cuttings 
to  offset  the  transpirational  loss.    Also,  bases  of  slash  pine  cuttings  become  sealed 
over  with  oleoresin  soon  after  collection  and  slowed  the  intake  of  water.  Throughout 
the  experiment  tfa.e  sand  was  kept  moist  rather  than  thoroughly  drenched.    These  re- 
sults indicate  that  the  moisture -sand  relation  recommended  by  commercial  plant 
propagators  for  most  plants  does  not  supply  enough  moisture  for  the  successful  root- 
ing of  slash  pine  cuttings. 

None  of  the  chemical  treatments  showed  any  effect,    as  the  suboptimal  environ- 
ment greatly  overshadowed  any  possible  beneficial  effects  of  the  chemicals.  All  cuttings 
were  dead  10  weeks  after  planting,  and  only  five  of  the  cuttings  which  did  not  receive  the 
storage  treatment  had  callused  bases.    In  one  cutting,  small  root  initials  had  formed,  but 
the  roots  were  not  well  developed.    Results  from  cuttings  receiving  storage  treatment 
verified  the  information  obtained  in  Experiment  1.    The  2 -week  storage  period  in  the 
moss  had  stimulated  callus  formation  on  most  of  the  cuttings. 

The  weather  during  most  of  the  experiment  was  very  sunny  and  no  additional  heat- 
ing was  necessary  in  the  greenhouse;  therefore,  no  bottom  heat  was  supplied  to  the 
rooting  chamber.    The  low  temperature  of  the  medium  might  account  for  the  poor  cal- 
lusing  of  the  cuttings.    The  cumulation  of  unfavorable  moisture  and  temperature  effects 
probably  are  responsible  for  the  over-all  low  survival  obtained  in  this  study. 

Conclusion 

Results  of  this  study  indicate  that  this  type  of  closed  propagation  frame,  used 
very  successfully  to  propagate  numerous  types  of  cuttings,  is  not  suited  for  rooting 
slash  pine  cuttings. 

Experiment  4.    Response  of  Slash  Pine  Cuttings  to  High 
Humidity  and  Constant  Water  Supply 

Water  is  available  to  the  cuttings  at  all  times  when  they  are  placed  with  their 
bases  in  a  coarse  medium  which  is  flooded.    When  the  atmosphere  surrounding  the 
needles  is  saturated,  the  water  lost  by  transpiration  is  decreased  considerably.  The 
results  of  Experiment  3  indicated  that  an  inadequate  supply  of  moisture  weakens  the 
cuttings  and  causes  them  to  dry  out  in  less  than  10  weeks.    If  slash  pine  cuttings  are 
maintained  under  high -humidity  conditions,  they  might  survive  long  enough  and  strike 
roots.    This  approach  was  tested  in  this  study. 

Two  sets  of  20  cuttings  each  were  planted  in  clay  cups  filled  with  coarse  gravel 
and  water.    One  set  of  20  cuttings  was  covered  over  witn  large  beakers  to  maintain  a 
high  humidity  around  the  needles.    The  clay  cups  were  kept  filled  with  water  through- 
out the  experiment.    A  thick  layer  of  sphagnum  moss  was  placed  over  the  gravel  to 
make  an  effective  seal  for  the  beakers  (fig.  9).    The  cuttings  were  kept  in  the 
greenhouse . 
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Figure  9.  -  -Arrangement  of  slash  pine  cuttings  in  clay  cups.    The  cuttings  were  planted  in 
gravel  and  a  layer  of  sphagnum  moss  was  placed  around  the  cuttings  to  seal  in  the  moisture. 
The  environment  inside  the  glass  beaker  provided  good  growing  conditions,  as  the  sphagnum 
moss  added  considerable  growth  during  the  course  of  the  experiment. 

Results 

There  was  no  difference  in  survival  for  the  two  groups  planted  in  the  clay  cups 
and  none  of  the  cuttings  produced  roots.    The  over-all  survival  of  cuttings  planted  in 
clay  cups  was  less  than  for  cuttings  planted  in  the  propagation  benches.    Callus  forma- 
tion was  negligible,  and  rotting  of  the  bases  was  worse  than  usual.    Normal  callus 
formation  requires  cell  division  which  is  accompanied  by  intensive  respiration. 
Sufficient  amounts  of  oxygen  around  the  point  of  wound  healing  are  necessary  to  form 
the  new  tissues.    Shippy  (1930)  demonstrated  that  in  apple  cuttings  and  apple  grafts 
respiration  ceased  and  cell  division  stopped  when  no  oxygen  was  available.  Normal 
callus  formation  occurred  on  apple  cuttings  when  there  was  at  least  14  percent  of 
oxygen  in  the  atmosphere;  callus  formation  was  slowed  up  when  the  concentration 
dropped  below  12  percent.    Zimmerman  (1930)  also  showed  that  oxygen  was  necessary 
for  the  formation  of  roots  in  Salix. 

Several  of  the  cuttings  were  able  to  stay  alive  for  a  12 -week  period,  which 
would  indicate  that  the  cuttings  obtained  enough  moisture  through  their  bases  and 
lower  stems.    Part  of  the  bases  of  cuttings,  which  otherwise  appeared  very  healthy, 
had  started  to  rot.    This  partial  rotting  might  have  helped  to  offset  the  seal  against 
moisture  resulting  from  the  accumulation  of  gum  at  the  wound.    Water  can  move  with 
less  resistance  through  recently-killed  tissue  than  through  living  cells  (Kramer,  1938). 
Covering  the  cuttings  with  large  beakers  provided  a  favorable  environment  for  growth. 
The  sphagnum  moss  started  to  green  up  soon  after  planting  and  by  the  end  of  the  experi- 
ment had  added  considerable  growth.    This  environment,  however,  did  not  favor  the 
survival  of  cuttings . 
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Conclusion 


Subirrigation  of  the  bases  of  the  cuttings  does  not  show  any  promise  for  provid- 
ing a  favorable  rooting  environment  for  slash  pine  cuttings.    The  supply  of  oxygen  for 
satisfactory  cell  division  is  probably  at  a  minimum,  and  no  further  work  is  planned 
with  a  subirrigation  system  unless  the  water  can  be  artificially  aerated. 

Experiment  5.    Effect  of  Propagation  Media  on  the 
Survival  of  Slash  Pine  Cuttings  Collected  During  the 
Month  of  February 

Results  of  the  four  previous  studies  indicated  that  physical  factors  of  the  environ- 
ment are  extremely  important  in  bringing  about  survival  of  slash  pine  cuttings.  Control 
of  the  environment  during  rooting  is  most  important  to  keep  the  cuttings  alive.    The  re- 
sults of  Experiment  2  clearly  indicated  the  beneficial  effect  obtained  by  the  addition  of 
vermiculite  to  the  rooting  medium.    Only  one  mixture  of  vermiculite  was  used  in  that 
particular  study.    Mixtures  with  a  higher  percentage  of  vermiculite  might  give  still 
better  results.    This  study  was  designed  to  test  the  effect  of  four  different  vermiculite 
mixtures  on  the  rooting  of  slash  pine  cuttings  collected  during  the  early  part  of  February. 
No  attempts  had  been  made  previously  to  root  slash  pine  cuttings  in  the  greenhouse  dur- 
ing the  month  of  February.    This  time  of  the  year  might  be  opportune  for  collecting 
cuttings  because  active  growth  has  not  yet  started  and  all  the  stored  material  might  be 
in  a  readily  available  form.    Active  growth  of  slash  pine  begins  during  the  latter  part 
of  February  in  the  area  of  Lake  City,  Florida. 

Review  of  Literature 

As  mentioned  in  Experiment  2,  vermiculite  had  been  used  successfully  in  rooting 
studies.    It  provides  good  aeration,  along  with  adequate  moisture -holding  capacity. 

Dorman  (1947)  used  continuous  fluorescent  light  in  one  of  his  rooting  experiments 
with  slash  pine  cuttings.    He  reported  a  slight  increase  in  the  number  of  rooted  cuttings, 
but  added,  "the  effect  of  light  on  rooting  was  not  great  and  was  difficult  to  interpret  be- 
cause of  the  variation  in  chemical  treatments.  " 

Ferbam  is  an  effective  fungicide  under  some  conditions  and  it  is  not  very  toxic 
to  plant  tissue.    Further,  it  will  not  be  leached  out  too  quickly  from  the  medium,  as 
it  dissolves  only  slowly  in  water.    It  has  been  reported  that  this  fungicide  materially 
aids  in  rooting  some  types  of  cuttings  (Watkins,  1952).    Duffield  and  Liddicoet  (1949) 
used  ferbam  in  rooting  the  hybrid  Pinus  attenuradiata.    They  dipped  the  basal  ends  of 
the  cuttings  in  ferbam  powder  before  planting. 

Experimental  Procedure 

On  February  10,  1953,  cuttings  were  collected  from  ten  20- to  25-year-old  slash 
pines  growing  in  an  old  field.    The  male  and  female  flowers  were  fully  developed  and 
only  sterile  branches  were  collected.    They  were  trimmed  to  a  length  of  5  inches  and 
were  planted  without  any  chemical  pretreatment.  A  randomized  block  design  was  used' 
having  2  blocks  with  30  cuttings  per  treatment .  Two  thermostatically  controlled  heating 
cables  were  placed  in  the  bed  to  maintain  a  uniform  bottom  heat  of  85  F.  The  rooting 
media  tested  were:  (a)  1-1  fine  sand -vermiculite  mixture,  (b)  1-3  fine  sand-vermicu- 
lite  mixture,  (c)  100  percent  vermiculite,  (d)  1-1  coarse  sand-vermiculite  mixture. 

Plastic  sides  18  inches  in  height  were  mounted  around  the  beds  to  reduce  drift 
of  spray  and  maintain  a  more  uniform  microclimate  around  the  cuttings  (fig.  10). 
Throughout  the  experiment,  the  automatic  spray  system  was  in  operation  and  the  cut- 
tings were  covered  with  a  fine  spray  for  2  minutes  out  of  every  10 -minute  cycle  during 
the  period  of  8  a.m.  to  6  p.m. 
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Figure  10.  --Environment  of  cuttings  in  Experiment  5.    The  plastic  wall  around  the  sides 
prevented  the  spray  from  drifting,  and  the  overhead  fluorescent  light  fixture  supplemented 
natural  light  and  supplied  light  to  the  cuttings  for  a  23-hour  period  each  day.   The  nozzle  in 
the  upper  left  corner  was  the  type  used  in  the  study. 
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The  glass  roof  of  the  greenhouse  was  painted  white  to  exclude  direct  sunlight, 
but  the  cuttings  received  supplemental  light  from  a  fixture  containing  two  100-watt 
daylight  bulbs.    The  supplemental  light  period  was  started  three  weeks  after  plant- 
ing.   This  3-week  period  was  used  to  allow  the  cuttings  to  overcome  the  initial 
shock  and  cut  down  on  respiration.    A  1-hour  dark  period  was  given  to  the  cuttings 
during  the  middle  of  the  night.    This  dark  period  was  considered  necessary,  as 
various  other  plants  require  a  dark  period  to  complete  their  metabolic  activities. 

The  cutting  bed  was  treated  with  ferric  dimethyl  dithiocarbamate  (ferbam)  to 
reduce  the  fungal  attacks  on  the  cuttings.  The  ferbam  powder  was  thoroughly  mixed 
with  water  at  the  rate  of  2  level  tablespoons  per  gallon  and  this  suspension  was 
sprayed  over  the  beds  during  the  early  morning  at  2 -week  intervals. 

Results  and  Discussion 

Survival  was  fair  during  the  first  6  weeks  and  no  evidence  of  fungus  attack 
was  apparent.    After  being  planted  for  a  period  of  6  weeks,  a  large  percentage  of 
the  cuttings  started  height  growth,  and  several  cuttings  developed  succulent  shoots 
up  to  4  inches  in  length.    Dorman  (1947)  reported  a  similar  response  for  cuttings 
planted  under  fluorescent  light;  in  his  experiment,  cuttings  planted  under  fluores- 
cent light  began  top  growth  before  those  without  supplemental  light  showed  any 
indication  of  bud  swelling.    The  temperature  in  the  greenhouse  rose  very  rapidly 
after  the  first  several  weeks  and  reached  95  F.  on  several  occasions.    Attempts  to 
lower  the  temperature  by  spraying  the  glass  and  opening  all  windows  failed.  The 
high  air  temperature,  along  with  the  supplemental  light,  forced  the  cuttings  out  of 
the  dormancy  stage,  and  a  large  percentage  of  the  stored  carbohydrates  were  used  in 
this  initial  spurt  of  growth. 

The  weakened  cuttings  died  very  rapidly  after  height  growth  started,  and  at  the 
end  of  12  weeks  only  8  cuttings  out  of  a  total  of  240  were  alive.    It  was  impossible  to 
make  a  valid  statistical  analysis  from  such  meager  data.    All  the  cuttings  which  were 
alive  after  the  12 -week  period  had  well-developed  callus  growth  covering  their  bases. 
Data  on  survival  are  given  in  table  10  of  the  appendix. 

Survival  in  the  various  media  was  probably  influenced  to  a  greater  extent  by 
the  physiological  condition  of  the  individual  cuttings  than  by  the  physical  condition 
of  the  medium.    Data  on  early  survival  rates  indicated  a  more  favorable  environment 
for  cuttings  planted  in  pure  vermiculite.    Survival  in  pure  vermiculite  was  83.  3  per- 
cent after  6  weeks,  whereas  survival  in  the  two  media  containing  50-percent  vermicu- 
lite was  47.5  percent. 

The  ferbam  applications  kept  the  fungus  population  at  a  relatively  low  level,  no 
hyphae  were  observed  in  the  medium. 

The  plastic  walls  mounted  around  the  bench  apparently  maintained  a  uniform 
microclimate  around  the  cuttings,  since  there  was  no  evidence  of  drying  in  the  rows 
of  cuttings  planted  along  the  edges  of  the  bench.    Evaporation  from  the  needles  was 
slowed  down.    There  was  little  air  movement  around  the  cuttings,  even  though  the  side 
windows  of  the  greenhouse  were  open  most  of  the  time  to  keep  the  air  temperature  as 
low  as  possible . 

Conclusion 

The  findings  of  this  experiment  indicate  that  the  early  part  of  the  month  of 
February  is  not  a  good  time  to  collect  slash  pine  cuttings  for  propagation  in  the  green- 
house.   However,  there  are  many  factors  which  make  the  interpretation  of  the  results 
difficult.    One  of  the  more  important  factors  is  the  variation  under  which  the  cuttings 
are  rooted.    Month  of  collection  and  temperature  in  the  greenhouse  were  confounded 
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and  the  effect  of  each  could  not  be  isolated  with  the  facilities  available.    If  the  ex- 
periment could  have  been  carried  out  in  a  greenhouse  equipped  with  an  air-conditioning 
system,  the  effect  of  time  of  collection  probably  could  have  been  isolated.  Under 
present  conditions  no  cuttings  should  be  collected  from  selected  slash  pine  trees  dur- 
ing the  early  part  of  February. 

Experiment  6.    Survival  of  slash  pine  cuttings  collected 
during  the  period  of  August  21  to  December  11 

In  the  literature  review  on  vegetative  propagation  by  rooting,  the  fact  was 
brought  out  that  time  of  year  has  a  significant  effect  on  survival  of  cuttings.  The 
best  time  to  collect  cuttings  varies  from  species  to  species  and  with  different  geo- 
graphical locations.    There  are  two  general  seasons  in  which  cuttings  can  be 
collected.    One  of  these  is  during  the  active  growing  season  when  the  tissues  are 
succulent.    From  past  studies  (Schopmeyer,   1943;  Dorman,  1947)  it  appears  that 
this  period  of  the  year  is  unsatisfactory  for  slash  pine. 

The  other  period  to  collect  cuttings  is  during  the  dormant  season.    At  this  time 
twig  elongation  has  ceased,  and  the  winter  buds  have  been  laid  down.    No  systematic 
study  has  been  made  with  slash  pines  to  determine  the  optimum  period  for  collection 
during  the  dormant  period,  but  Dorman  (1947)  obtained  best  results  with  cuttings  col- 
lected during  October  and  the  early  part  of  November.    Cuttings  collected  during  the 
latter  part  of  the  dormant  season  (Experiment  5)  survived  poorly.    Because  time  of 
collection  has  an  important  effect  on  survival  of  slash  pine  cuttings,  collections  were 
made  at  biweekly  intervals  from  August  2  1  to  December  11  to  determine  the  effect  of 
season  on  the  survival  of  slash  pine  cuttings.    For  this  study,  survival  after  a  60-day 
period  in  the  propagation  beds  was  used  as  an  indication  of  their  ability  to  survive  in  a 
favorable  environment. 

Experimental  Methods 

At  2 -week  intervals,  6  cuttings  were  collected  from  each  of  10  trees  in  a  20- 
to  25-year-old  natural  stand.    The  trees  were  numbered  in  the  field  and  the  identity 
of  the  cuttings  was  maintained  throughout  the  experiment.    The  cuttings  were  not 
treated,  but  were  planted  in  a  50-50  mixture  of  sand  and  vermiculite  immediately 
after  collection.    The  design  in  the  greenhouse  called  for  two  randomized  blocks. 
Three  cuttings  from  each  tree  were  planted  per  block  for  every  collection  period. 
The  first  collection  was  made  on  August  21,   19  5  3,  and  the  last  series  of  cuttings  was 
collected  on  December  11.    The  rooting  medium  was  freshly  prepared  for  each  series 
of  cuttings  to  provide  as  uniform  a  rooting  environment  as  possible.    Bottom  heat  of 
80  to  85  F.  was  supplied  by  thermostatically  controlled  heating  cables.    The  cuttings 
were  sprinkled  by  the  overhead  watering  system  for  1  minute  out  of  every  10 -minute 
cycle  from  8  a.m.  to  5  p.m. 

A  weather  station  was  set  up  in  a  clearing  next  to  the  ten  selected  trees.  Records 
on  temperature,  relative  humidity,  and  rainfall  were  kept  during  the  period  of  collection. 

Results  and  Discussion 

Weather  conditions  during  the  period  from  August  21  to  December  11  were 
average  for  the  season,  except  that  rainfall  was  above  normal  for  this  region.  The 
average  weekly  precipitation  was  1.44  inches.    During  the  entire  period  of  collection 
there  was  a  surplus  of  available  soil  moisture. 

The  data  on  survival  (table  11  of  the  appendix)  are  summarized  in  figure  11, 
where  survival  after  the  60 -day  period  is  plotted  against  date  of  collection.  An 
analysis  of  variance  of  these  data  indicated  a  highly  significant  effect  due  to  the  time 
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of  collection  (table  4).  The  average  survival 
increased  from  11.7  percent  for  the  August 
21  collection  to  80  percent  for  the  collection 
of  November  13.    After  this  latter  collection 
the  survival  capacity  dropped  very  sharply 
and  only  43.3  percent  of  the  cuttings  collect- 
ed on  November  27  were  alive  after  the  60- 
day  period. 

It  is  interesting  to  observe  that  the 
first  frost  of  the  season  occurred  on  Novem- 
ber 27,  the  date  on  which  the  sudden  drop  in 
survival  began.    Cuttings  collected  on  or 
after  this  date  showed  a  considerably  lower 
survival.    Although  freezing  temperature 
is  probably  not  the  sole  reason  for  this  poor 
survival,  it  is  felt  that  in  future  studies  with 
selected  slash  pines,  cuttings  should  not  be 
collected  after  the  first  frost.    The  poor  sur- 
vival during  the  early  part  of  the  collection 
period  was  probably  due  to  the  growth  activities  of  the  cuttings  at  the  time  of  collection. 
Most  of  the  buds  were  elongating,  as  indicated  by  the  white  tips. 
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Figure  11.  -  -Effect  of  time  of  collection  on  survival 
of  slash  pine  cuttings. 


Table  4. 


-Analysis  of  variance  of  effect  of  time  of  collection  on 
survival  of  slash  pine  cuttings.    Data  on  number  of 
cuttings  alive  after  a  60-day  period  were  transformed 
by  the  angular  transformation  (Bliss,  1937) 


Source  of  variation 


Degrees  of  freedom    Mean  square 


Block 

Time  of  collection 
Error 


82. 733 
422. 956*** 
19. 262 


***   Exceeds  mean  square  error,  0.1-percent  level  of  significance. 

The  internal  conditions  of  the  cuttings  changed  during  the  period  of  collection. 
This  accounts  for  part  of  the  variation  in  survival.    In  addition  to  the  physiological 
conditions  within  the  cuttings,  the  environment  in  the  greenhouse  changed  progres- 
sively.   The  warming  up  inside  the  greenhouse  was  gradual  because  the  glass  had 
been  painted  white  and  the  temperature  in  the  beds  was  maintained  by  thermostats. 


There  was  strong  evidence  of  clonal  variation  between  the  10  trees  selected. 
Cuttings  from  tree  No.  8  survived  poorly,  and  all  cuttings  from  the  first  four  col- 
lections died  within  the  first  30  days  after  collection.    Clonal  variation  in  slash  pine 
had  been  reported  before  by  Dorman  (1947)  and  Downs  (1949).    Cuttings  from  tree 
No.  8  appeared  healthy  at  the  time  of  collection  but  yellowing  of  the  needles  began 
soon  after  they  were  placed  in  the  beds.    The  poor  survival  of  cuttings  from  this  tree 
could  have  been  caused  by  fungi  present  in  the  cuttings  at  the  time  of  collection. 
However,  cuttings  from  other  trees  planted  next  to  cuttings  from  tree  No.  8  did  not 
show  any  adverse  effect.    If  a  fungus  had  been  the  causal  factor,  cuttings  clipped 
with  the  same  cutter  as  those  from  tree  No.  8  would  have  been  contaminated.  Since, 
this  was  not  the  case,  indications  are  that  this  variation  was  probably  of  a  genetic 
or  nutritional  nature. 
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Conclusion 


The  period  when  slash  pine  cuttings  were  collected  had  a  highly  significant  in- 
fluence on  the  percentage  of  cuttings  alive  after  a  60-day  period.    Cuttings  for  propa- 
gation in  the  greenhouse  should  be  collected  during  late  October  and  early  November. 

Experiment  7.    Effect  of  Indolebutyric  Acid 
and  Ferbam  Treatment  on  Slash  Pine  Cuttings 
Planted  in  Eight  Different  Media 

It  was  found  in  previous  studies  that  the  environment  in  which  cuttings  are  placed 
has  a  great  influence  on  their  survival.    A  beneficial  effect  was  obtained  in  Experiment 
2  by  adding  vermiculite  to  the  rooting  medium.    Ferbam  applications  to  the  cuttings  in 
the  propagation  bed  (Experiment  5)  were  helpful  in  keeping  the  fungus  population  at  a 
comparatively  low  level.    In  view  of  these  findings,  a  greenhouse  experiment  was  de- 
signed to  test  the  effect  of  eight  different  media  on  the  rooting  response  of  slash  pine 
treated  with  indolebutyric  acid  and  ferbam.    If  the  cuttings  could  be  kept  in  a  favorable 
environment  and  protected  from  heavy  fungus  attack,  treatment  of  the  bases  with  indole- 
butyric acid  might  bring  about  a  higher  general  level  of  rooting. 

Experimental  Methods 

During  the  middle  of  October,  1953,  cuttings  were  collected  from  six  slash  pines 
which  were  in  the  20-  to  25-year  age  class.    Most  of  the  cuttings  bore  either  male  or 
female  flowers.    They  were  kept  moist  at  all  times  from  collection  to  planting  in  the 
beds.  A  total  of  80  cuttings  were  collected  from  each  tree.  They  were  planted  at  ran- 
dom in  the  various  media.  The  media  contained  the  following  materials  or  mixtures 
thereof:  vermiculite,  peat-moss,  builders'  sand,  turkey  gravel,  and  shredded  styro- 
foam.   Styrofoam  is  a  light  plastic  used  by  florists  to  fashion  displays.    Crushed  styro- 
foam  has  been  used  by  itself  or  in  mixture  with  other  media  to  root  cuttings  (Lipp,  1952; 
DeWerth  and  Odom,   1953).    In  mixture  with  sand  it  provides  a  well-aerated  medium. 

The  needles  of  the  lower  2  inches  of  each  cutting  were  stripped  before  the  bases 
were  treated.    Cuttings  were  moistened  and  the  basal  1-inch  portions  were  dipped  first 
in  0.8-percent  indolebutyric  acid  (Hormodin  3),  and  then  in  70-percent  ferric  dimethyl 
dithiocarbamate  (ferbam).    The  dusted  cuttings  were  planted  immediately  in  the  various 
media  in  open  propagation  beds,  maintained  at  a  temperature  of  80  to  82  F.  by  lead- 
sheathed  electrical  heating  cables.    The  cuttings  were  watered  at  weekly  intervals  with 
an  aqueous  suspension  of  ferbam.    Sixteen  gallons  of  0.75-percent  solution  were  sprinkled 
evenly  over  the  cuttings,  which  covered  an  area  of  28  square  feet. 

The  eight  types  of  rooting  media  were:  (1)  100  percent  vermiculite,  (2)  100  percent 
shredded  styrofoam,  (3)  100  percent  turkey  gravel,  medium  size,  (4)  1-1  styrofoam-sand 
mixture,  (5)  1-1  styrofoam-peat  mixture,  (6)  1-1  peat-sand  mixture,  (7)  1-1-1  styrofoam- 
peat-sand  mixture,  (8)  1-1-1-1  vermiculite-peat-styrofoam-sand  mixture. 

The  cuttings  were  planted  in  2  randomized  blocks  with  30  individuals  per  treatment 
per  block.    They  were  sprayed  with  a  fine  mist  for  2  minutes  out  of  every  10-minute 
cycle  from  8  a.m.  until  6p.m.    Fluorescent  light  fixtures  illuminated  the  propagation 
beds  for  a  16-hour  period  daily  beginning  at  8  a.m. 

Results  and  Discussion 

The  cuttings  were  left  in  the  propagation  medium  for  a  14-week  period.    At  the 
time  of  lifting,  most  of  the  tops  were  green  and  looked  healthy.    However,  all  of  the 
bases  had  died.    The  blackish  coloration  of  the  bases  was  typical  of  that  obtained  when 
an  excessive  concentration  of  hormones  is  used.    Several  of  the  cuttings  had  developed 
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short  roots  but  the  cuttings  had  died.    The  0.8-percent  concentration  of  indolebutyric 
acid  and  ferbam  powder  was  toxic  to  the  slash  pine  cuttings.    Treatments  with  the 
same  chemicals  either  alone  or  in  mixture  were  beneficial  with  other  species  of  pine 
(Doran,   1946;  1952b;  Duffield  and  Liddicoet,   1949).    In  previous  studies  with  slash 
pine  lower  concentrations  of  indolebutyric  acid  did  not  result  in  higher  over-all  root- 
ing percentage  (Schopmeyer,   1943).    From  this  it  appears  that  the  amount  of  indole- 
butyric acid  necessary  to  stimulate  roots  in  other  pine  species  cannot  be  used  with 
slash  pine  cuttings  under  methods  available  at  present.    The  relative  effects  of  the 
various  media  could  not  be  evaluated  in  this  study. 

An  observation  of  interest  was  that  although  the  bases  of  the  cuttings  were  dead, 
rotting  did  not  extend  up  the  stem.    The  needles  retained  their  green  color  throughout 
the  experiment.    The  effect  of  ferbam  applications  was  pronounced  in  that  little  evidence 
of  fungal  attack  was  present. 

Experiment  8.    Response  of  etiolated  slash  pine 
cuttings  to  treatment  with  a  root-inducing  substance 
and  a  fungicide  after  basal  wounding 

During  the  course  of  this  experiment  the  effect  of  etiolating  the  cuttings  before 
removing  them  from  the  tree  was  investigated.    Comparisons  were  made  between  cut- 
tings wounded  at  the  base  before  treatment  and  those  without  any  wounding.  Root- 
stimulating  chemicals  were  used  in  mixture  with  a  fungicide. 

Review  of  Literature 

Placing  the  twigs  in  darkness  for  a  short  period  prior  to  their  removal  from  the 
plant  was  found  to  be  useful  in  stimulating  root  initiation  (Priestley  and  Ewing ,   192  3). 
A  2 -week  dark  period  gave  most  satisfactory  results  with  specimens  of  Camphor  during 
the  summer  months  (Blackie  et  al. ,  1926).    As  a  result  of  this  dark  period,  the  growth 
of  the  bud  meristem  was  slowed  down.  Priestley  and  Swingle  (1929)  postulated  that  as 
a  result  of  this  growth  retardation  the  food  material  in  the  shoots  was  utilized  to  organize 
root  initials  close  to  the  cambium  layer.    Vekhov  (1934)  conducted  experiments  with  a 
considerable  number  of  tree  species  in  which  he  etiolated  the  shoots  two  weeks  prior  to 
the  collection  of  cuttings.  He  tried  two  methods  of  shading.  Most  of  these  studies  re- 
sulted in  failures  and  only  cuttings  of  Cotinus  and  Carpinus  responded  favorably  to  the 
etiolation  treatment.  Toda  (1952)  covered  shoots  of  selected  trees  of  Pinus  densif lora 
with  red  and  blue  cellophane  bags  to  examine  the  effect  of  light  quality  on  the  rooting 
ability  of  cuttings.  He  obtained  better  results  on  two  trees  when  he  used  red  instead  of 
blue  paper.  He  could  not  ascribe  the  effect  directly  to  light  quality,  because  the  blue 
paper  had  weakened  some  of  the  cuttings  considerably. 

Wells  (1953a,  1953b)  recommended  the  wounding  of  bases  for  best  results  with 
Ilex,  Acer,  and  Rhododendron.    These  species  root  with  difficulty  under  normal  treat- 
ment, but  good  results  were  obtained  by  making  a  "heavy"  wound  at  the  base  of  the 
cuttings.    He  removed  a  thin  slice  about  an  inch  to  an  inch  and  a  half  long  which  cut 
through  the  outer  bark  to  the  cambium.    He  obtained  good  results  by  treating  the  cut- 
tings immediately  after  wounding  by  the  powder  dip  method.    He  considered  that  the 
main  value  of  this  wound  was  to  allow  a  larger  area  of  entry  for  the  chemical  treatments. 

Thomas  and  Riker  (1950)  increased  the  size  of  the  cut  surface  by  making  1-inch 
slits  both  in  the  bark  and  in  the  wood  at  the  base  of  the  cuttings  before  chemical  treat- 
ment.   One  such  treatment  resulted  in  17  percent  of  rooted  white  pine  cuttings,  as 
compared  to  only  4  percent  of  rooting  in  the  controls. 

Application  of  growth  regulators  by  the  dust  method  was  beneficial  to  Norway 
spruce  cuttings  collected  during  November,  while  application  to  April  cuttings  was 
injurious  or  had  no  effect  (Grace  and  Farrar,  1940). 
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Doran  (1952a,   1952b)  obtained  better  rooting  response  in  hemlock  cuttings  after 
treatment  with  the  fungicide  Phygon  XL  (50  percent,  2,  3-dichloro- 1,  4 -naphthoquinone). 
The  treatment  was  effective  when  used  alone  or  in  mixture  with  indolebutyric  acid.  He 
tested  four  additional  fungicides,  but  none  of  these  improved  the  percentage  of  rooting. 

Experimental  Methods 

The  cuttings  used  in  this  study  were  collected  during  the  early  part  of  October 
1953,  from  10  slash  pines  growing  in  an  old-field  stand.    The  trees  were  in  the  20-  to 
25-year  age  group. 

Half  the  shoots  used  were  etiolated  during  a  2 -week  period  while  they  were  still 
attached  to  the  tree.  A  strip  of  heavy  brown  paper  7-inches  wide  was  rolled  around 
the  shoots  used  as  cuttings.  Paper  covered  bud  and  all  wood  of  the  cuttings.  The  upper 
part  of  some  of  the  needles  protruded  beyond  the  cover.    The  paper  strips  were  held 
in  place  by  rubber  bands. 

The  needles  were  stripped  from  the  lower  part  of  each  cutting  before  it  was 
treated.  On  half  the  cuttings  a  thin  slice  of  bark  tissue  was  removed  from  the  base 
with  a  sharp  knife.  The  wound  was  about       inches  long.  It  cut  through  the  phloem 
tissue  and  exposed  the  cambial  layer  beneath.    The  moistened  base  of  each  cutting 
was  dipped  to  a  depth  of  1  inch  into  a  mixture  of  0.10  percent  naphthylacetamide, 
0.05  percent  2 -methyl- 1 -naphthylacetic  acid,  0.02  percent  2 -methyl- 1 -naphthylace- 
tamine  and  99.83  percent  inert  powder  (Rootone  No.  10).  Excess  powder  was  removed 
by  tapping  the  cutting  gently  against  the  rim  of  the  beaker.    After  the  treatment  with 
the  growth  regulator,  the  base  was  dipped  in  50  percent  2,  3-dichloro- 1,  4-naphtho- 
quinone  (Phygon  XL).    This  second  treatment  did  not  remove  the  powder  of  the  first 
treatment  but  coated  the  treated  base. 

The  treated  cuttings  were  inserted  immediately  in  the  rooting  medium,  an  equal 
mixture  of  sand  and  vermiculite.  The  propagation  medium  was  maintained  at  a  temper- 
ature of  80  to  82  F.  throughout  the  experiment  by  thermostatically  controlled,  lead- 
sheathed  heating  cables.    A  new  type  of  watering  system  was  installed  for  this  experi- 
ment (fig.  12).  The  mist  sprayers  operated  for  2  minutes  out  of  every  10-minute  cycle 


Figure  12.  -  -Propagation  bench  in  greenhouse.    A  high  degree  of  humidification  was  main- 
tained by  spraying  a  fine  mist  on  the  cuttings  for  a  2 -minute  period  out  of  every  10-minute 
cycle  from  8  a.m.  to  6  p.m.    The  fluorescent  light  fixtures  illuminated  the  cuttings  for  a 
12-hour  period,  beginning  at  8  a.  m. 
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from  8  a.m.  to  6  p.m.  The  glass  roof  of  the  greenhouse  was  painted  white  to  exclude 
the  cuttings  from  direct  insolation.  Fluorescent  light  fixtures  illuminated  the  cuttings 
for  a  12-hour  period,  beginning  at  8  a.m. 

The  cuttings  were  planted  in  2  replicated  blocks  with  30  cuttings  per  treatment 
per  block.    The  experiment  was  designed  for  a  2  x  2  factorial  analysis. 


Results 


NO  WOUNDING 


The  data  on  percentage  of  cuttings  which  rooted 
are  graphically  represented  in  figure  13.  In  table  12 
of  the  appendix  the  results  on  cuttings  alive  and  rooted 
after  a  14-week  period  in  the  propagation  beds  are 
given.  The  transformed  data  on  number  of  rooted  cut- 
tings were  subjected  to  analysis  of  variance  (table  5). 
Etiolating  the  shoots  brought  a  highly  significant  re- 
duction in  rooting.    Effect  of  wounding  depended  on 
the  previous  treatment  of  the  cuttings.  Interaction  be- 
tween etiolating  and  wounding  had  a  significant  effect 
on  number  of  rooted  cuttings.  Wounding  was  depressing 
on  etiolated  cuttings,  while  it  was  beneficial  to  cuttings 
not  etiolated.  The  average  for  the  experiment  was  13.3 
percent  for  cuttings  not  etiolated  and  not  wounded,  as 
compared  to  25.0  percent  for  those  wounded  and  not 
etiolated.  The  over-all  rooting  response  was  good  for 
the  type  of  cuttings  used.  The  type  and  number  of  roots  produced  per  rooted  cutting 
were  superior  to  those  obtained  in  previous  experiments.  Several  cuttings  had  5  to 
10  roots  that  were  up  to  10  inches  in  length  at  the  time  of  lifting.  Branching  of  these 
roots  was  profuse. 


Figure  13.  --Effect  of  etiolation  and 
wounding  on  the  rooting  of  slash  pine 
cuttings.    The  average  number  of 
rooted  cuttings  is  plotted  against  the 
treatment. 


Table  5.  -  -Analysis  of  variance  of  number  of  rooted  cuttings 
after  a  14-week  period.  All  data  were  transformed 
by  the  angular  transformation  (Bliss,  1937) 


Source  of  variation 


Degrees  of 
freedom 


Mean  square 


Block 

1 

22. 681 

Treatment 

3 

318. 604 

Etiolation  (E) 

1 

628. 174** 

Wounding  (W) 

1 

26. 901 

E  x  W 

1 

300. 738* 

Error 

3 

13. 158 

*   Exceeds  mean 

square  error, 

5 

-percent  level  of 

significance . 

**   Exceeds  mean 

square  error, 

1 

-percent  level  of 

significance . 

A  starch  test  was  made  on  six  etiolated  shoots  after  they  were  removed  from  the 
trees.    Thin,  freehand  longitudinal  sections  of  the  wood  3  inches  below  the  bud  were  pre 
pared.  They  were  placed  in  hot  water  for  \  minute,  after  which  they  were  placed  in  hot 
95  percent  ethyl  alcohol  to  dissolve  the  chlorophyll.    After  the  chlorophyll  had  been  re- 
moved, they  were  rinsed  with  hot  water  before  being  placed  in  a  I2KI  solution.  Control 
sections  from  cuttings  which  had  not  been  etiolated  were  treated  in  the  same  manner. 
The  purplish-black  coloration  was  much  stronger  in  these  latter  sections,  indicating  a 
higher  starch  content.    The  difference  was  especially  pronounced  in  the  pith  and  the 
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region  of  the  cortex  and  phloem.    The  indications  were  that  etiolation  had  partially  de- 
pleted the  starch  reserve  in  the  cuttings.  This  lower  level  of  stored  carbohydrates 
possibly  accounted  for  the  poorer  results  obtained  with  etiolated  cuttings. 

The  fungicide  treatment  apparently  kept  the  fungus  population  at  a  low  level. 
There  was  no  evidence  of  rotting  around  the  bases  of  living  cuttings  or  around  the 
bases  which  had  died. 

Discussion  and  Conclusion 

The  stimulating  effects  from  etiolation  referred  to  by  Priestley  and  Ewing  (192  3) 
were  observed  in  annual,  rapidly  growing  plants,  such  as  broad  bean  and  potato.  This 
type  of  plant  grows  considerably  during  a  2 -week  period.  The  new  growth  laid  down  in 
these  shoots  reflects  the  environmental  conditions  under  which  it  developed.  The  bene- 
ficial response  to  etiolation  with  these  2  species  was  explained  by  Priestley  and  Ewing 
"in  terms  of  causal  anatomy  on  the  assumption  that  when  the  stem  apex  grows  under 
conditions  more  normal  to  the  root  apex,  its  development  proceeds  in  a  manner  more 
characteristic  of  the  root."    The  slash  pine  cuttings  were  etiolated  during  the  dormant 
period  after  the  winter  bud  had  formed.    The  short  period  of  etiolation  probably  did  not 
effect  cell  division  in  the  lignified  branch. 

In  addition  to  lowering  the  starch  content,  the  tight  paper  wrap  impeded  aeration 
of  the  needles.  Some  needle  fascicles  were  killed  by  the  high  temperatures  which  de- 
veloped along  the  dark  surface  of  the  wrapping.  The  general  over -all  weakening,  along 
with  a  depletion  of  stored  carbohydrates,  possibly  helps  to  explain  why  none  of  the 
etiolated  cuttings  rooted  after  their  bases  were  wounded. 

In  many  instances,  wounding  of  the  freshly  collected  cuttings  resulted  in  a  well- 
developed  root  system.    Roots  were  generated  along  the  base  and  the  rim  of  the  wound. 
It  appears  that  some  sort  of  basal  wounding  in  slash  pine  cuttings  may  be  promising  if 
the  right  root  stimulants  and  fungicides  are  applied. 

Root  tips  became  visible  after  the  cuttings  had  been  planted  for  6  weeks.  This 
period  was  shorter  than  in  previous  experiments.  The  early  start  probably  accounted 
for  the  healthy,  well-developed  root-systems.  Whether  this  beneficial  effect  was  due 
wholly  to  the  hormone  treatment  or  due  partly  to  the  beneficial  effects  of  the  fungicide 
is  not  known.    Doran  (1952a)  speculated  that  Phygon  XL  might  have  hormone-like 
properties,  because  the  rooting  of  cuttings  was  as  much  improved  by  Phygon  XL  alone 
as  by  a  similar  treatment  followed  with  indolebutyric  acid. 

Etiolation  had  an  unfavorable  effect  on  slash  pine  cuttings.  This  technique  should 
be  discarded  for  mature  slash  pines.  The  favorable  effects  of  the  combined  chemical 
treatment  and  basal  wounding  should  be  helpful  in  producing  rooted  cuttings  from 
selected  slash  pines  for  progeny  testing.    With  an  earlier  beginning  of  root  formation, 
the  cuttings  are  exposed  to  pathogens  for  a  shorter  period;  thus  the  chances  of  obtain- 
ing rooted  propagules  are  enhanced. 

Experiment  9.    Air-layering  of  slash  pines 

One  of  the  important  factors  contributing  to  failure  of  root  development  in  slash 
pine  cuttings  is  the  shock  which  cuttings  sustain  when  removed  from  the  tree.  Large 
amounts  of  reserve  carbohydrates  and  other  nutrients  are  needed  to  form  the  callus 
tissue  and  to  develop  the  roots.  Once  a  cutting  is  severed  from  the  tree,  it  has  to  rely 
on  the  nutrients  stored  before  it  was  severed. 

In  air -layering,  the  branches  are  not  removed  from  the  tree,  but  roots  are  in- 
duced to  form  on  the  branches  while  they  are  still  a  part  of  the  parent  plant.    After  the 
roots  have  developed,  the  branch  bearing  these  roots  is  severed  from  the  original  plant 
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and  handled  as  a  separate  individual.  As  in  any  other  asexual  method  of  propagation, 
layering  reproduces  a  plant  with  the  identical  genotype  of  the  original  plant. 

This  study  was  carried  out  to  find  out  whether  or  not  the  air-layering  of  slash 
pine  branches  is  physiologically  possible.  No  previous  attempt  in  America  to  repro- 
duce pines  by  air-layering  has  been  reported.  The  successful  use  of  the  method  on 
slash  pine,  as  reported  in  this  paper,  indicates  that  the  technique  has  real  promise 
for  extension  to  other  species  which  are  difficult  to  propagate  by  cuttings. 

Review  of  Literature 

In  nature,  layering  occurs  in  a  large  number  of  gymnosperms  (Cooper,  1911; 
Lutz,   1939;  Bannan,   1942;  Vaartaja,   1949)  when  lateral  branches  become  covered  by 
mineral  soil,  moist  litter,  or  moss.  Natural  layering  of  slash  pine  branches  apparently 
has  not  yet  been  observed  in  the  field,  and  as  far  as  the  writer  is  aware  only  one  in- 
stance of  natural  layering  of  pine  in  America  has  been  reported  (Lutz,  19  39).    In  his 
discussion  of  an  isolated  occurrence  of  a  rooted  basal  branch  of  eastern  white  pine, 
Lutz  considered  the  intolerance  of  most  pines  to  shade  as  a  possible  explanation  for 
this  rare  occurrence.    In  pines,  the  basal  branches  ordinarily  die  before  they  become 
covered  with  organic  debris.  Slash  pine  trees  growing  along  margins  of  old  fields 
occasionally  have  several  of  their  basal  branches  covered  by  litter,  but  no  natural 
rooting  occurs . 

In  layering,  the  stem  or  branch  is  usually  wounded  by  girdling  or  by  scraping  the 
cambium  to  inhibit  the  free  movement  of  plant  solutes.  The  wounding  is  done  either  by 
completely  removing  a  ring  of  bark  or  by  cutting  a  tongue  which  can  be  kept  from  healing 
by  inserting  a  piece  of  wood  (Watkins,  1952).    If  the  wound  is  covered  with  moist,  sandy 
soil,  roots  will  develop  in  many  plant  species. 

A  method  of  layering  where  roots  are  induced  to  form  on  a  place  not  in  contact 
with  the  ground  has  been  in  use  by  the  Chinese  for  some  20  centuries.  It  is  known  to 
the  horticulturists  as  air -layering,  Chinese  layering,  mar  cottage,  mossing  off,  or 
vegetative  propagation  from  gootes  (Watkins,  1952;  Thakurta  and  Dutt,  1941).  A  hand- 
ful of  moist  sphagnum  moss  or  other  moisture -holding  material  is  placed  around  the 
stem  where  the  wound  is  made  and  is  covered  over  by  moisture-proof  wrappings. 

During  1940  and  1941,  Lasschuitt  (1950)  was  able  to  stimulate  adventive  root 
formation  of  Pinus  Merkusii  by  marcottage.    This  species  of  pine  grows  in  the  tropical 
forests  of  Sumatra  and  occasionally  produces  spontaneous  adventive  roots  in  wounded 
or  damaged  trees.    Lasschuitt  reported  a  "spontaneous"  case  of  rooting  in  which  30  to 
40  roots  had  developed  along  the  wound  of  a  split  tree  fork.    Several  of  these  roots  had 
branched  and  were  over  3  feet  in  length.  These  observations  prompted  Lasschuitt  to 
start  a  rooting  study  in  which  he  rubbed  mechanical  wounds  with  a  mixture  of  leaf -mold 
and  "pine-soil"  containing  mycorrhiza.  Then  the  wounds  were  packed  with  5  to  10  kilo- 
grams of  this  mixture,  kept  in  place  by  a  mat.    These  marcottes  had  to  be  watered 
during  the  dry  season.  After  8  months,  7  of  the  wounded  branches  out  of  a  total  of  75 
had  formed  roots. 

In  air-layering,  the  medium  has  to  stay  moist  at  all  times.  Frequent  watering  of 
the  wrapping  was  one  of  the  big  chores  until  the  newer  plastic  films  became  available. 
Polyethylene  films  have  properties  which  make  them  suitable  to  cover  the  moisture - 
holding  wrap  in  air-layers  (Wyman,  1952).  Among  these  desirable  properties  are  the 
high  permeability  to  gases  like  oxygen  and  carbon  dioxide,  the  very  low  permeability 
to  water  vapor,  and  the  transparency  of  the  film.  Because  of  the  latter  quality,  the 
root  formation  of  the  twig  can  be  noted  without  disturbing  the  wrapping. 

Wyman  (19  52)  presented  a  large  list  of  plants  that  root  with  difficulty  but  responded 
well  to  the  air -layer  technique.    No  member  of  the  genus  Pinus  was  included  in  this  list, 
but  several  of  the  forest  trees  considered  "difficult"  to  root  as  cuttings  responded 
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satisfactorily  to  the  air-layering  technique.    Wyman's  experiments,  however,  had  to 
do  only  with  the  formation  of  visible  roots.  He  did  not  attempt  to  solve  the  problem  of 
cutting  the  potential  plants  from  the  parent  and  getting  them  to  grow  after  they  were 
potted.  His  few  attempts  to  pot  these  plants  were  unsuccessful. 

Treatment  of  the  wound  with  growth  regulators  gave  promising  results  in  the  air- 
layering  of  2-  and  3-year-old  mango  plants  (Thakurta  and  Dutt,   1940;  1941).  Roots 
were  found  in  the  treated  regions  within  6  weeks  of  treatment,  whereas  there  was  no 
rooting  in  the  untreated  control  plants.  Root  induction  on  the  branches  treated  with 
auxin  of  older  mother  plants  was  successful,  but  the  time  taken  for  root  formation 
was  comparatively  much  longer  and  the  number  of  roots  produced  was  much  less  than 
on  the  younger  trees.  The  roots  which  formed  on  the  older  trees  were  quite  insufficient 
for  the  independent  existence  of  the  goote  in  the  soil.  In  a  later  study  Singh  (1953) 
succeeded  in  air-layering  shoots  from  30-year-old  mango  trees.  The  rooted  shoots 
developed  normally  after  they  had  been  detached  from  the  mother  plant  and  potted. 

Several  organizations  and  institutions  have  started  experiments  with  this 
technique  since  a  preliminary  report  of  the  results  with  slash  pine  was  published 
(Mergen,   1953b),  but  no  results  from  these  studies  are  available  as  yet.  Professor 
David  (1953)  also  used  the  method  successfully  to  root  maritime  pine. 

Design  of  Experiment 

A  total  of  52  air-layers  were  made  on  26  slash  pines.  The  first  set  of  8  was 
prepared  on  October  22,   1952,  the  second  group  of  20  on  May  15,  1953,  and  the  third 
group  of  24  was  prepared  on  August  7,   1953.    Only  a  small  sample  of  plastic  wrapping 
material  was  available  at  the  beginning  of  the  study,  which  accounts  for  the  smaller 
number  of  attempts  in  October,  1952.    The  starting  dates  were  staggered  to  determine 
the  optimum  time  of  year  when  air-layering  should  take  place. 

To  obtain  information  on  the  beneficial  effect  of  indolebutyric  acid,  paired  groups 
were  used  in  the  experiment.  Relative  position  of  the  branch  on  a  tree  has  a  pronounced 
effect  on  the  rooting  response  of  the  branch,   and  to  overcome  this  difficulty,  two 
branches  growing  from  the  same  whorl  were  selected  for  the  comparative  air-layering 
on  each  tree.    Half  the  wounds  were  treated  with  indolebutyric  acid,  while  the  other 
half  were  not  given  any  chemical  treatment.  The  environmental  conditions  for  the  two 
groups  were  equivalent  except  for  the  factor  specifically  under  test,  and  the  chemical 
treatment  was  allotted  to  the  two  groups  at  random. 

All  air-layering  was  attempted  on  natural  slash  pines  between  the  ages  of  5  and 
17  years.  The  branches  ranged  in  diameter  from  1/4  to  3/4  inch  and  some  were  up  to 
24  inches  in  length. 

Air-layering  Procedure 

Slash  pine  branches  selected  for  rooting  were  prepared  by  first  stripping  the  needle 
fascicles  from  the  lower  part  of  the  branch.  A  1/ 4  to  1/2 -inch  ring  of  bark  and  cambium 
was  removed  with  a  sharp  knife  at  the  place  where  root  formation  was  desired  (fig.  14A). 
The  wounded  area  was  scraped  clean  of  any  remaining  cambium  cells.  Incomplete  re- 
moval permits  callus  material  to  bridge  the  wound,  thus  preventing  root  formation.  The 
upper  rim  of  the  girdle  on  one -half  of  the  branches  was  dusted  with  an  0.8 -percent  indole- 
butyric acid  mixture  in  talc  (Hormodin  No.  3).  A  handful  of  moist  sphagnum  moss  was 
wrapped  wround  the  treated  part  (fig.  14B)  and  covered  with  moisture-proof  plastic.  The 
moist  sphagnum  moss  was  squeezed  before  it  was  wrapped  around  the  completely  girdled 
cut.  Commercial  "Airwrap"  was  used  as  covering  material  &  in  these  tests.  The  film  was 
fastened  at  the  top  and  bottom  with  grafting  tape  (fig.l4C).  The  plastic  film  covered  the 
sphagnum  moss  and  no  opening  was  left  for  the  evaporation  of  moisture  from  the  moss. 
If  properly  applied,  the  moss  in  the  air-layer  stayed  moist  for  several  months.  If  drying 
became  noticeable,  a  little  water  was  added  with  a  hypodermic  syringe. 

3/  "Airwrap"  is  a  moisture-proof,  gas -permeable  plastic  treated  with  a  water- 
soluble  emulsion  of  nutrients,  hormones,  insecticides,  and  fungicides . 
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Figure  14. --Air-layering  a  slash  pine 
branch.    A_,  A  ring  of  bark  and  cambium 
was  removed.    B,  After  the  wound  was 
scraped  clean,  a  handful  of  moist  sphagnum 
moss  was  wrapped  around  the  girdle.    C,  A 
moisture-proof,  treated  plastic  sheet  was 
wrapped  around  the  ball  of  moss  and  fastened 
tightly  at  the  ends  with  grafting  tape. 


Results  and  Discussion  on  Air-layering 


The  results  on  adventitious  root  induction  are  presented  in  table  6,  where  data 
have  been  assembled  by  time  of  year  and  chemical  treatment.    The  time  span  for  the 
first  root  formation  is  also  given.  The  statistical  analysis  of  the  paired  data,  using  a 
"t"  test,  indicated  a  highly  significant  effect  of  the  indolebutyric  acid  on  the  number 
of  roots  produced.  The  average  number  of  roots  developed  for  all  attempts,  including 
the  unrooted  branches,  was  5.58  for  the  treated  branches,  whereas  only  1.46  roots 
were  produced  by  the  untreated  air -layers.    A  Chi  square  analysis  of  the  data  on  num- 
ber of  branches  rooted  indicated  a  beneficial  effect  of  chemical  treatment  which  was 
significant  at  the  5-percent  level.    The  data  were  corrected  for  continuity  before  they 
were  subjected  to  the  Chi  square  analysis  procedure. 

Table  6.  -  -Effect  of  indolebutyric  acid  on  root  development 
in  air-layered  slash  pine  branches 


Date 
started 

:  Treated 
:  indolebutyric 

acid 

Untreated 

Time  elapsed 

:  Attempted  :  Rooted  : 

Average 
roots  per 
branch 

Attempted  :  Rooted  : 

Average 
roots  per 
branch 

for  first  root 
development 

Number  Number 

Number 

Number  Number 

Number 

Weeks 

Oct.  22, 

1952        4  3 

4.  3 

4  0 

0 

23 

May  15, 

1953       10  8 

5.2 

10  6 

1.6 

8 

Aug.  6, 

1953       12  11 

8.  1 

12               7  •  ' 

4.0 

6 

Average  rooting  percentage  was  84.6  for  the  treated  branches,  whereas  only 
50.0  percent  of  the  untreated  branches  rooted.    The  data  on  number  of  roots  produced 
are  a  much  better  indicator  of  the  effect  of  treatment,  as  in  many  instances  the  num- 
ber and  quality  of  roots  produced  without  the  indolebutyric  acid  treatment  would  not 
have  been  sufficient  for  the  branch  to  stay  alive  once  it  had  been  removed  from  the 
plant  and  potted.    The  diameter  of  the  roots  on  the  untreated  branches  was  much 
smaller  and  the  root  tips  did  not  appear  as  vigorous  as  those  of  the  treated  ones. 

The  branches  which  were  air -layered  during  October  produced  the  first  roots 
after  23  weeks.  These  branches  became  semidormant  soon  after  girdling,  and  root 
initiation  probably  took  place  at  the  start  of  the  next  growing  season. 

The  first  group  of  air -layers  which  had  been  started  on  October  22  were  checked 
periodically,  and  the  first  roots  were  observed  on  March  30,  1953,  five  months  after 
the  start  of  the  test.  A  collar  of  callus  tissue  had  formed  along  the  upper  rim,  and 
ten  roots  had  developed  from  it.    Most  of  the  roots  were  located  along  the  lower  side 
of  the  branch  (fig.  15),  indicating  the  polarity  of  the  root-forming  substances.  Some  of 
the  roots  were  as  much  as  2  inches  in  length.  They  were  stiff  and  stout,  and  several 
of  the  larger  roots  had  started  to  form  side  branches.  There  was  no  evidence  of  fungi 
or  other  damaging  microorganisms  around  the  newly  developed  roots. 

In  most  air-layers  the  greater  number  of  roots  was  on  the  side  receiving  the 
largest  amount  of  sunshine.  As  light  could  not  penetrate  through  the  wrapping  material 
to  the  wounded  area,  it  would  appear  that  the  higher  temperature  of  the  medium  was 
the  active  factor.  As  a  result  of  the  higher  temperature,  cell  division  and  cell  differen- 
tiation were  probably  stimulated.   This  in  turn  resulted  in  more  prolific  root  develop- 
ment. In  rooting  experiments,  a  relatively  high  temperature  of  the  medium  was  found 
to  promote  a  better  root  system  (Price  and  Hurd,  1932). 
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Figure  15.  --Roots  on  air-layered  slash  pine  branch.    This  branch  had  a  total  of  10  separate 
roots,  most  of  which  had  developed  along  the  lower  side  of  the  branch. 

Observation  of  the  bud  or  shoot  development  of  the  air-layered  branches  fre- 
quently indicated  the  success  or  failure  of  the  rooting  attempts.  In  one  instance,  for 
example,  the  terminal  bud  on  the  branch  which  had  rooted  was  still  in  a  dormant  stage, 
while  a  new  shoot  6  inches  in  length  had  developed  on  the  branch  which  had  not  formed 
roots  (fig.  16).  Both  branches  started  from  the  same  whorl  on  the  same  tree.  Many 
similar  instances  were  observed,  but  the  example  illustrated  showed  the  greatest  dif- 
ference in  growth  pattern. 

It  is  possible  that  a  growth  inhibiting  hormone  is  produced  near  the  callus  tissue 
and  translocated  to  the  apical  growing  point,  or  that  treatment  inhibited  the  buds 
(Thimann  and  Delisle,  1939).    Once  the  branch  was  cut  from  the  tree,  potted,  and 
watered  with  liberal  doses  of  a  soluble  fertilizer  mixture,  height  growth  followed  with- 
out delay.  Thus  the  delayed  height  growth  was  probably  of  a  nutritional  rather  than  an 
auxin  nature.  The  stored  food. materials  had  been  utilized  to  develop  adventitious  roots 
rather  than  to  add  a  new  shoot.    The  difference  in  growth  pattern  was  most  pronounced 
where  roots  formed  only  on  the  branch  which  had  received  the  indolebutyric  acid  treat- 
ment. This  observation  is  in  agreement  with  Loeb's  (1924)  findings  regarding  the  drain 
of  food  supply  by  the  new  growth.  He  found  the  drain  of  available  food  supply  to  be  of 
the  same  effectiveness  for  equal  amounts  of  new  growth,  whether  the  growth  was 
centered  in  the  shoot  or  in  the  roots. 

Root  Formation 

By  the  periodic  examination  of  the  wound  surface  some  insight  was  gained  as  to 
the  manner  in  which  the  adventive  roots  were  formed.  For  the  most  part  local  swell- 
ings occurred  along  the  rim  of  the  wound  closest  to  the  branch  tip.  The  first  callus 
formation  could  be  observed  about  10  days  after  treatment.  At  first  the  swellings 
appeared  as  isolated  dots  but  expanded  rapidly.    Within  several  weeks  they  had  fused 
together  to  form  a  solid  callus  rim.    The  first  callus  appeared  from  the  phloem  region. 


-  42  - 


Figure  16.  --Comparison  of  height  growth  between  rooted  and  unrooted  branch.    Branch  on 
right-hand  side  of  photograph  (still  attached  to  stem)  did  not  root  but  added  6  inches  of 
height  growth  (A).    The  rooted  branch  on  the  left  grew  from  the  same  whorl.    It  had  been 
treated  with  indolebutyric  acid.    The  terminal  bud  remained  dormant. 
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It  was  whitish  in  color  and  turned  brown  as  suberization  occurred.  The  rim  closest  to 
the  main  stem  did  not  add  any  noticeable  growth.  It  appeared  to  die  rather  than  develop 
a  protective  callus  cushion.   There  was  a  marked  swelling  at  the  basal  end  of  the  air- 
layered  branch  just  above  the  girdle.  White  protuberances  became  noticeable  on  the 
upper  rim  of  both  the  treated  and  untreated  wounds.  On  the  untreated  wounds,  however, 
they  did  not  elongate  to  the  same  extent  as  on  the  treated  areas.  The  chemical  sub- 
stance which  brings  about  differentiation  of  the  callus  tissue  was  probably  lacking  in 
the  untreated  wounds. 

White  protuberances  on  the  callus  surface  were  the  first  indications  of  root 
formation.  But  not  all  protuberances  of  the  callus  contained  root  primordia.  Some 
consisted  entirely  of  parenchymatous  cells  resembling  those  in  the  other  parts  of  the 
callus,  while  in  the  other  swellings  distinct  root  primordia  were  visible.  The  outward 
appearance  of  these  two  types  of  protuberance  was  similar,  and  the  types  could  only 
be  identified  after  dissection. 


In  conifers,  adventitious  roots  originate  from  various  sectors  of  the  stem.  Ten 
rooted  air-layered  branches  were  dissected  to  observe  the  origin  of  the  roots  to  see 
if  a  certain  sector  of  the  stem  involved  a  greater  number  of  roots.    Bannan  (1942) 
observed  that  the  adventitious  roots  of  larch  originated  in  the  vicinity  of  dead  or  in- 
jured dwarf  branches.  In  spruce  and  fir  the  roots  arose  from  dormant  buds,  while  in 
ground  hemlock  they  arose  from  sectors  of  the  cambium  comprising  variable  numbers 
of  fusiform  initials  and  the  intervening  ray  initials.    He  made  his  observations  on 
adventitious  roots  which  had  formed  spontaneously  in  nature.    Mechanically  or  chemic- 
ally stimulated  roots  probably  do  not  follow  such  a  regular  pattern.  If,  however,  most 
of  the  roots  arose  from  a  certain  sector  of  the  slash  pine  branches,  this  knowledge 
would  be  helpful  in  preparing  the  girdle. 

Examination  of  the  differentially  stained  (safranine- -fast  green- -orange  G)  free 
hand  sections  invariably  showed  that  the  roots  arose  from  the  basal  part  of  the  upper 
section  of  the  girdle.    There  were  continuous  vascular  connections  between  the  xylem 
of  the  roots  and  the  xylem  or  secondary  tissue  of  the  branch  which  had  been  produced 
by  the  wood  cambium  after  the  girdling.  Figure  17  is  a  camera  lucida  drawing  of  a 
longisection  of  the  root  and  part  of  the  stem  of  a  rooted  air-layered  branch.  The  wood 
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Figure  17.  --Camera  lucida  drawing  of  radial  section  of  rooted  branch  (X10). 


-  44  - 


laid  down  just  above  the  girdle  of  the  branch  accepted  the  stain  to  a  degree  different 
from  that  of  the  xylem  which  was  present  before  the  branch  was  injured.  This  particu- 
lar type  of  wood  was  referred  to  by  Sledge  (1930)  as  "wound  wood.  "   In  the  sections 
examined,  it  contained  a  large  amount  of  parenchymatous  tissue.    The  longitudinal 
resin  ducts  of  this  newly  laid  down  wood  formed  continuous  canals  into  the  roots. 

A  comparison  of  the  root  origin  in  air-layered  slash  pine  branches  and  in  rooted 
cuttings  showed  great  similarity  between  the  two  types  of  root  systems.  Adventitious 
roots  in  cuttings  also  originated  from  the  wound  xylem  or  callus  rim  which  had  formed 
after  the  cuttings  were  placed  in  the  propagation  medium.    The  vascular  connections 
between  the  roots  and  the  wound  xylem  were  continuous.  Figure  18  is  a  camera  lucida 
drawing  of  a  radial  section  through  the  base  of  a  rooted  slash  pine  cutting.  The  roots 
on  this  cutting  were  11  months  old. 

Observations  of  the  early  stages  of  root  formation  indicated  that  the  roots  aris- 
ing from  the  newly-formed  wood  are  endogenous  in  origin.    They  arose  in  the  callus 
or  wound  tissue.    The  endogenus  nature  of  adventitious  roots  in  pines  was  described 
previously  by  Deuber  (1940)  and  by  Delisle  (1942),  but  a  preliminary  report  on  the 
callus  and  adventitious  root  development  in  Pinus  densif lora  and  Pinus  densif lora  x 
Pinus  thunbergii  by  Toda  and  Satoo  (1948)  indicated  an  exogenous  origin  of  these  roots. 
The  type  of  root  anlagen  above  the  wound  as  illustrated  by  Delisle  (1942)  was  not  ob- 
served in  slash  pine.    They  emerged  directly  from  the  callus  collar  and  grew  down- 
ward.   Only  abortive  roots  grew  from  the  callus  collar  at  right  angles  to  the  branch. 


Figure  18.  -  -Camera  lucida  drawing  of  radial  section  through  base  of  rooted  slash  pine 
cutting  (XI 0). 
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None  of  the  observations  indicated  that  the  roots  arose  from  a  particular  location 
on  the  branch.  They  all  originated  from  the  base  of  the  "wound  wood"  which  had  been 
laid  down  along  the  lower  part  of  branch  above  the  girdle.  This  would  indicate  that  the 
relative  position  of  the  girdle  is  of  little  consequence  as  long  as  it  is  located  in  im- 
mature tissue  which  can  start  prolific  cell  division  and  differentiation  without  delay. 

In  several  instances  the  amount  of  auxin  powder  which  was  applied  to  the  girdle 
killed  part  of  the  tissue.  This  did  not  necessarily  interfere  with  good  root  formation 
but  the  roots  were  formed  above  the  killed  area. 

The  diameter  of  the  emerging  roots  was  rather  large.  In  some  instances  it  was 
as  much  as  5  mm.    At  first  they  were  whitish  in  color  and  at  this  stage  they  were  ex- 
tremely brittle.  Later  they  changed  to  dark  brown  and  became  firmer,  having  the 
consistency  of  an  orchid  tuber. 

Planting  of  Rooted  Branches 

As  soon  as  good  root  development  was  observed  through  the  plastic  wrapper, 
the  branch  was  cut  off  below  the  girdle  and  potted  in  a  loose  soil.    An  equal  mixture 
of  sand,  vermiculite,  and  peat  was  found  very  suitable  for  this  purpose.  After  the 
rooted  branches,  which  were  as  much  as  20  inches  in  length,  were  planted  in  1 -gallon 
metal  cans,  they  were  placed  in  a  humid  greenhouse  for  6  weeks  before  they  were 
moved  into  the  nursery.    A  pint  of  a  3-percent  solution  of  7-9-19  fertilizer  was  added 
to  each  pot  to  stimulate  rapid  root  development.    The  shock  which  the  branches  sus- 
tained when  they  were  clipped  from  the  tree  was  apparently  small,  as  root  elongation 
did  not  stop.    In  several  instances  as  much  as  4  inches  of  root  growth  were  added 
within  2  weeks  after  potting. 

A  rooted  slash  pine  branch  which  was  planted  during  the  end  of  March  started 
height  growth  without  delay,  and  within  5  months  the  root  growth  had  filled  the  space 
of  a  9 -inch  clay  pot  (fig.  19).    This  is  in  contrast  to  cuttings  which  develop  in  propa- 
gation frames.    The  latter  have  a  tendency  to  develop  more  slowly  in  the  beginning. 

Conclusions 

This  study  has  proved  that  the 
rooting  of  slash  pine  branches  by  air- 
layering  is  physiologically  possible. 
It  appears  at  present  that  the  air- 
layering  method  has  great  possibilities 
for  the  vegetative  propagation  of  slash 
pines.    A  much  greater  percentage  of 
rooted  branches  can  be  obtained  by 
this  method  than  by  bench  propagation, 
and  advantage  can  be  taken  of  the  root- 
promoting  chemicals.  The  initial  time 
involved  to  prepare  the  branches  is 
greater  than  when  cuttings  are  rooted 
in  a  propagation  frame.  But  once  the 
branches  are  prepared,  they  require 
no  care  or  attention  until  rooting  has 
occurred.    With  cuttings,  however,  the 
preparation  of  the  benches  and  the  con- 
trol of  the  greenhouse  during  the  root- 
ing period  require  considerable  care. 

Figure  19.  --Root  system  of  potted  air-layered 
branch.    This  branch  had  been  potted  for  a 
period  of  5  months.    Root  growth  was  active 
and  mycorrhizae  were  numerous. 
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When  slash  pine  cuttings  are  collected  for  bench  rooting,  they  are  trimmed  to  a 
length  of  about  5  inches.    Branches  selected  for  air-layering  can  be  much  longer  than 
cuttings.    During  this  study,  branches  which  were  at  least  twice  and  in  some  instances 
three  times  as  long  as  cuttings  were  air-layered  (fig.  20).    The  greater  length  helps  to 
give  the  new  propagules  a  rapid  start  and  up  to  2  years  of  height  growth  can  be  gained. 

In  selecting  branches  for  air-layering,  sturdy,  straight  shoots  should  be  used  if 
present.    Curved  branches  will  retain  their  form  for  some  time.  With  this  "new" 
method  it  should  be  possible  to  obtain  clones  from  the  refractory  forest  conifers  for 
experimental  outplantings  in  forest  tree  improvement  programs. 


Figure  20.  -  -Comparison  between  rooted  cuttings  and  air-layered  branch.    Rooted  cutting 
on  left  had  a  total  length  (above  roots)  of  6  inches.    Air-layered  branch  was  16  inches  long 
at  the  time  of  preparation. 
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DISCUSSION  AND  CONCLUSIONS 


The  main  contribution  of  the  studies  on  rooting  was  the  finding  that  slash  pine 
can  be  propagated  by  air-layering.    By  this  new  and  different  approach  to  the  problem 
a  greater  number  of  successful  propagules  can  be  obtained.  The  experiments  on  root- 
ing brought  out  several  important  facts  which  will  help  to  obtain  rooted  slash  pine 
material  for  forest  tree  improvement  work.  Rooting  slash  pine  cuttings  can  still  be 
considered  in  the  experimental  stage,  and  results  of  some  of  the  experiments  might 
possibly  form  the  basis  for  future  research  work  along  these  lines. 

Time  of  Collection 

Of  the  factors  studied,  season  of  collection  appears  to  be  of  greatest  significance. 
Cuttings  were  collected  during  the  dormant  season  only.  At  the  beginning  of  the  dor- 
mant stage  survival  was  low  but  increased  steadily  until  the  middle  of  November,  when 
a  sharp  drop  occurred.    Cuttings  collected  toward  the  end  of  the  dormant  season,  in 
the  early  part  of  February,  started  growth  shortly  after  they  were  planted  in  warm 
propagation  beds.    This  spurt  of  growth  weakened  the  cuttings  considerably,  and  they 
died  very  rapidly  after  height  growth  had  started.    Thus,  late  October  and  early 
November  are  apparently  the  best  periods  for  collecting  slash  pine  cuttings. 

In  the  rooting  studies  with  cuttings,  effect  of  season  and  environment  in  the 
greenhouse  were  confounded.    This  makes  it  difficult  to  isolate  either  factor. 

The  seasonal  effects  on  air-layering  were  also  prevalent.    Branches  air-layered 
in  August  rooted  after  6  weeks,  while  23  weeks  had  elapsed  before  the  first  roots  were 
visible  on  branches  layered  in  October.    Branches  prepared  in  October  entered  the 
dormancy  period  soon  after  treatment,  and  roots  were  formed  only  at  the  start  of  the 
next  growing  season.    Best  results  will  be  obtained  if  slash  pine  branches  are  air- 
layered  during  the  summer  months.    At  this  time  growth  is  very  rapid  and  frequent 
rains  provide  an  ample  supply  of  moisture. 

Environment  in  Greenhouse 

Slash  pine  cuttings  require  a  humid  environment  during  the  rooting  period  and 
best  results  were  obtained  when  cuttings  were  sprayed  at  periodic  intervals  during  the 
daylight  hours.    Neither  placing  the  cuttings  with  their  bases  in  water,  nor  the  use  of 
a  closed  propagation  frame  was  suitable  for  rooting.    Direct  insolation  had  a  detri- 
mental effect  on  survival  but  good  results  were  obtained  in  shaded  beds. 

Addition  of  vermiculite  to  a  sand  rooting  medium  increased  the  average  level  of 
rooting.    Good  aeration  along  with  adequate  moisture -holding  capacity  are  necessary 
characteristics  of  a  good  rooting  medium.   The  medium  was  maintained  at  a  tempera- 
ture between  80  to  85  F. 

Treatment  of  Cuttings  - -Physical 

Etiolation  of  shoots,  prior  to  their  removal  from  the  tree,  gave  poor  results. 
The  strips  of  brown  paper  wrapped  around  the  upper  part  of  the  shoot  had  an  over-all 
depressing  effect.    Starch  content  within  the  cuttings  was  lowered  and  the  tight  paper 
wrap  provided  poor  aeration  around  the  needles.    This  particular  pretreatment  does 
not  show  promise  with  dormant  cuttings. 

Cuttings  responded  well  to  basal  wounding  prior  to  chemical  treatment.  Roots 
formed  along  all  the  wounded  areas,  and  some  cuttings  had  well  developed  root 
systems . 
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It  was  found  undesirable  to  place  the  cuttings  for  a  2 -week  period  in  a  precallus- 
ing  box.    Most  of  the  cuttings  stored  in  sphagnum  moss  had  started  to  form  callus  at 
the  base,  but  the  storage  period  was  not  long  enough  to  allow  callus  growth  to  cover 
the  wound  entirely.   Subsequent  survival  of  these  cuttings  was  poor.  The  environment 
in  the  storage  box  was  favorable  for  fungi.  These  fungi  destroyed  the  parenchymatous 
tissue  of  the  basal  part  of  the  cuttings  before  the  protective  callus  growth  could  cover 
the  wound.  This  adverse  effect  could  be  partially  overcome  by  sterilizing  the  sphagnum 
moss.  A  precallusing  period  is  not  necessary  when  a  well-aerated,  sterile  propagation 
medium  is  provided. 

Treatment  of  Cuttings  - -Chemical 

None  of  the  solution  treatments  tested  on  slash  pine  cuttings  improved  rooting 
ability.    Several  of  the  most  promising  plant  hormones  were  used  in  conjunction  with 
vitamins  and  sucrose.  It  appeared  that  environmental  conditions  were  of  greater  im- 
portance than  chemical  treatments.  The  rooting  ability  of  cuttings  is  correlated  with 
their  internal  conditions.  Treatment  with  root  stimulants  is  effective  only  if  these 
chemicals  are  lacking  in  the  cuttings  at  the  time  of  planting.  From  these  studies  it 
appeared  that  the  concentration  of  indolebutyric  acid  which  is  necessary  to  stimulate 
roots  in  other  species  of  pine  is  lethal  to  dormant  slash  pine  cuttings. 

Supplementing  the  nutritional  level  in  the  cuttings  favored  a  large  number  of 
fungi,  which  destroyed  the  meristematic  tissue  of  the  cuttings. 

Basal  treatment  by  the  powder-dip  method  in  Rootone  10  or  Phygon  XL 
stimulated  root  generation.    Root  tips  became  visible  after  a  shorter  period  than 
for  cuttings  not  treated  in  the  same  manner.    This  is  an  important  consideration, 
because  a  shorter  period  in  the  propagation  beds  means  a  shorter  exposure  to 
pathogens. 

When  indolebutyric  acid  treatment  was  used  on  air-layered  slash  pine  branches, 
good  results  were  obtained.  This  chemical  treatment,  although  lethal  to  slash  pine 
cuttings,  was  of  great  benefit  to  air-layers.    It  increased  the  percentage  of  success- 
ful propagules  as  well  as  the  number  of  roots  per  branch. 

Treatment  of  Cuttings  -  -Fungicidal 

A  suitable  rooting  environment  for  slash  pines  also  presents  a  good  environment 
for  pathogens.    Applications  of  ferbam  to  the  propagation  beds  helped  to  check  fungal 
activities.    Basal  treatment  with  Phygon  XL  apparently  kept  the  fungus  population  at  a 
low  level. 

4/ 

Dr.  A.  A.  Foster  of  the  U.  S.  Forest  Service      made  isolations  from  the  de- 
cayed tissues  of  cuttings  and  from  apparently  healthy  tissue  of  cuttings  showing  no 
decay.    He  recovered  several  bacteria,   mucors,   penicillia  and  other  saprophytic 
organisms.    Pestallozzia  and  Fusarium  species  were  the  two  most  common  organisms 
recovered.    He  felt  that  if  the  cuttings  remain  for  a  long  enough  period  in  a  humid 
propagation  bench,  they  will  fall  prey  to  one  microorganism  or  other  and  indicated 
that  definition  of  parasitism  is  difficult. 

The  best  approach  to  combat  loss  by  fungi  is  to  provide  favorable  rooting  con- 
ditions where  active  meristems  can  be  established  in  as  short  a  time  as  possible. 
Treatment  with  an  effective  fungicide  is  part  of  such  a  favorable  condition. 


4/    Personal  correspondence. 
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Root  Formation 


In  cuttings,  as  well  as  in  air-layers,  roots  arise  from  the  callus  or  wound  tissue 
laid  down  subsequent  to  wounding.    They  are  endogenous  in  origin  and  do  not  appear  to 
emerge  from  a  particular  region  on  the  branch.  This  indicates  that  in  air-layering  the 
relative  position  of  the  girdle  is  not  important  but  should  be  located  in  young  tissue 
which  can  establish  an  active  meristem. 

Air-layered  branches  in  general  have  a  better  balanced  root  system  than  cuttings . 
This  is  an  important  consideration  because  cuttings  have  a  tendency  to  develop  one- 
sided, unilateral  roots . 

Variation  Between  Trees 

In  one  study  in  particular,   there  was  strong  evidence  of  clonal  variation  be- 
tween slash  pines.    The  variation  remained  pronounced  through  nine  separate  collec- 
tion periods.    This  feature  might  make  it  necessary  to  modify  the  methods  to  render 
them  suitable  to  individual  trees. 

Sex  of  a  cutting  appeared  to  have  no  effect  on  its  survival  and  rooting  ability. 
Cuttings  with  either  male  or  female  flowers  rooted. 

General 

To  root  slash  pine  cuttings,  expensive  installations  appear  to  be  necessary.  In 
outdoor  as  well  as  indoor  propagation  beds,  automatic  watering  timers  and  heating 
equipment  are  indispensable. 

With  the  air-layering  method  no  physical  installations  are  necessary.  This 
makes  it  possible  for  smaller  experiment  stations  and  forestry  schools  to  carry  out 
experiments  in  rooting  of  slash  pines  and  possibly  other  conifers.  Furthermore, 
propagules  which  are  established  by  the  air-layering  method  are  2  to  3  times  larger 
than  a  rooted  cutting  and  thus  at  least  one  year  of  growth  is  gained.    When  branches 
are  selected  for  air-layering,  straight  shoots  should  be  chosen. 

Greenhouse  methods  are  indispensable  to  obtain  propagules  from  desirable 
trees  which  are  felled  accidently  or  from  plant  material  collected  in  distant  places 
and  sent  to  the  research  center. 

Estimation  of  the  Genotype 

Some  forest  tree  species  can  be  reproduced  on  a  large  scale  by  the  rooting  of 
cuttings.  With  these  species,  the  rooting  method  can  be  used  advantageously  to  mass- 
produce  improved  strains  for  reforestation.    With  methods  available  at  present,  a 
satisfactory  number  of  rooted  shoots  of  slash  pine  can  be  obtained  to  estimate  the 
genotype  but  present  methods  do  not  lend  themselves  to  large-scale  propagation  pro- 
grams.   Since  slash  pine  must  be  reproduced  from  seed,  the  establishment  of  seed 
orchards  for  superior  trees  is  the  logical  way  to  plan  a  tree  improvement  program. 

Propagation  by  rooting  is  preferred  as  the  method  for  estimating  the  genotype 
of  selected  trees,  because  grafted  "clones,  "  even  if  the  scions  have  the  same  genetical 
make-up,  will  not  give  as  true  an  indication  of  the  potentialities  of  the  trees  under  test 
as  rooted  cuttings.    The  effect  of  understock  on  scion  varies  with  the  individuals  used 
and  cannot  be  isolated.    One  way  to  minimize  or  equalize  the  stock-scion  effect  would 
be  to  graft  scions  on  root-stocks  of  the  same  clone.    This  could  be  done  by  rooting  a 
large  number  of  branches  from  a  young  and  vigorous  tree  for  use  as  understock. 


-  50  - 


Facilitating  Hybridization  Work 

The  hybrid  pine,  slash  x  longleaf,  has  great  promise  as  stock  to  reforest  the 
drier  planting  areas  in  Florida.    Under  natural  conditions  the  flowering  seasons  of 
slash  and  longleaf  pine  do  not  coincide;  longleaf  pines  flower  several  weeks  after 
slash  pines.    The  catkins  of  longleaf  pine  do  not  lend  themselves  to  satisfactory 
forcing  in  a  warm  greenhouse;  they  elongate  but  will  not  complete  meiotic  division. 
Apparently  a  substance  not  present  during  the  early  stages  of  development  is  necessary 
for  ripening  pollen.  This  difficulty  was  overcome  by  grafting  scions,  which  were  bear- 
ing catkins,'  on  3 -year-old  slash  pine  stock.    The  grafts  were  staggered  over  the 
rootstock  and  up  to  four  separate  clusters  were  established  on  one  plant.  Viable 
pollen  was  obtained  by  this  technique  for  use  on  slash  pine  ovulate  flowers. 

SUMMARY 

The  investigations  on  the  vegetative  propagation  of  slash  pine  consisted  of  a 
series  of  9  rooting  experiments  and  4  grafting  experiments  conducted  between  June 
1952  and  February  1954.    The  object  of  these  investigations  was  the  development 
of  asexual  propagation  methods  for  use  in  forest  genetics.   Rooting  experiments  with 
cuttings  were  carried  out  in  the  greenhouse,  where  effect  of  season  of  collection, 
various  chemical  and  physical  treatments,  and  different  environmental  conditions 
were  investigated.  Field  studies  on  the  air-layering  of  shoots  involved  tests  of  effect 
of  season,  and  treatment  of  girdle  with  indolebutyric  acid.  The  grafting  experiments 
considered  the  problems  of  greenhouse  and  field  grafting  of  dormant  slash  pine  scions 
as  well  as  grafting  during  the  active  growing  season.    In  an  anatomical  study  of  slash 
pine  graft  unions,  the  histological  changes  associated  with  the  formation  of  a  graft 
union  were  examined.  Potential  application  of  heteroplastic  micrografting  to  the  in- 
duction of  flowers  in  the  primary  stage  was  studied. 

The  experiments  on  rooting  showed  that  the  best  season  to  carry  out  the  work 
depended  on  the  method  used.    If  cuttings  were  collected  and  placed  in  a  favorable 
greenhouse  environment,  best  survival  was  obtained  when  they  were  collected  toward 
the  end  of  October  and  the  early  part  of  November.  When  the  shoots  were  air -layered 
on  the  trees,  it  was  found  that  during  the  summer  months  root  formation  was  most  rapid. 

Neither  placing  the  cuttings  in  a  callusing  box  nor  etiolating  the  shoots  before 
collection  was  beneficial.  When  the  bases  were  wounded  before  treatment  with  Phygon 
XL  and  ferbam,  root  formation  was  stimulated.  The  roots  formed  in  less  time  than  in 
untreated  cuttings.  Solution  treatments  with  mixtures  of  indoleacetic  acid,  indolebu- 
tyric acid,  naphthalenecetic  acid,  pyridoxine,  thiamine,  nicotinic  acid,  sucrose, 
nutrients,  and  pentachloro phenate  were  applied  in  various  ways  with  no  beneficial 
effect.    Solution  treatments  with  traumatic  acid,  and  the  use  of  indolebutyric  acid  in 
a  powder  dip,  were  not  successful.  The  concentration  of  0.8  percent  indolebutyric 
acid,  which  was  effective  in  stimulating  roots  in  air -layers,  was  lethal  to  slash  pine 
cuttings.  The  use  of  ferbam  and  Phygon  XL  was  helpful  in  keeping  the  fungus  popula- 
tion at  a  low  level. 

Slash  pine  cuttings  were  planted  under  various  environmental  conditions.  Best 
response  was  obtained  when  a  well  aerated  medium  consisting  of  an  equal  mixture  of 
vermiculite  and  builder's  sand  was  used  in  conjunction  with  a  misting  system. 

The  advantages  of  the  air -layering  method  over  the  rooting  of  cuttings  were 
brought  out.    Root  formation  on  both  types  of  propagules  are  similar  in  origin  and 
are  formed  at  the  base  of  the  wound.    Air-layers,  however,  have  a  better  balanced 
root  system  and  develop  rapidly  after  being  placed  in  soil. 
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Rooted  cuttings  are  especially  valuable  for  assembling  clones  from  selected 
trees  for  outplanting  under  different  geographic  and  edaphic  conditions.    This  permits 
a  true  comparison  of  the  ortets.    Clones  from  selected  high-gum-yielding  slash  pines 
are  growing  in  a  progeny  testing  plantation  at  Olustee,  Florida.    Cuttings  from  one 
selected  tree  did  not  root  in  numerous  trials  and  in  this  case  grafts  were  attempted 
and  proved  successful. 

In  selecting  for  resistance  to  disease  or  insects,  researchers  should  study  the 
behavior  of  rooted  cuttings.    One  reason  is  that  rootstock  affects  the  mineral  and 
carbohydrate  concentration  in  grafted  scions  and  thereby  may  alter  the  natural  metab- 
olism and  thus  change  their  anatomical  and  biochemical  make-up.    This  difficulty  is 
avoided  in  the  case  of  cuttings  growing  on  their  own  roots. 

When  plantations  for  progeny  testing  are  established  by  rooted  cuttings,  it  is 
desirable  to  collect  the  cuttings  from  the  selected  trees  as  early  in  the  life  of  the  tree 
as  the  traits  for  which  it  was  selected  become  apparent.    Studies  in  progress  attempt 
to  establish  the  relationship  between  characteristics  in  the  juvenile  stage  and  the  sub- 
sequent performance  of  mature  trees.    Results  from  these  studies  should  help  in  the 
selection  among  young  trees  for  gum  yield  or  other  traits,  and  then  cuttings  can  be 
collected  at  a  time  when  high  success  in  rooting  is  obtained. 

Assemblage  of  Germ  Plasm 

Forest  genetics  is  based  on  variations  which  occur  in  forest  trees.  These 
variations  can  be  of  a  natural  origin  or  brought  about  by  controlled  crosses,  chemi- 
cal treatment,  or  radiation  treatment.    Workers  in  the  field  of  forest  tree  improve- 
ment try  to  utilize  these  variations  in  an  effort  to  develop  strains  of  trees  better 
suited  to  specific  environmental  conditions  or  having  superior  characteristics  such 
as  gum  yield,  growth  rate,  disease  and  insect  resistance,  form  or  wood  structure. 
The  success  of  these  programs  is  enhanced  if  an  adequate  supply  of  plant  material  is 
available  to  work  with.    Under  natural  conditions,  trees  with  desirable  traits  mostly 
appear  as  scattered  individuals  over  large  areas.    To  use  these  trees  in  a  planned 
breeding  program  is  not  efficient.    A  great  deal  of  unproductive  travel  time  is  involved 
in  checking  on  the  flower  development  of  these  scattered  trees.    Flowers  have  to  be 
checked  at  short  intervals  so  that  they  can  be  pollinated  at  the  proper  time.    By  estab- 
lishing grafts  from  the  selected  trees  in  a  confined  area,  the  centralization  of  the 
breeding  work  achieves  greater  efficiency  and  gives  better  results.    This  plan  has  been 
followed  to  establish  grafts  of  selected  high-gum -yielding  slash  pines  and  fast-growing 
slash  pines.    Besides  centralization,  this  method  also  affords  an  insurance  against 
loss  of  valuable  germ  plasm  should  the  parent  tree  be  destroyed. 

In  some  cases,  specimens  of  rare  hybrids  developed  in  other  parts  of  the  world 
can  be  secured  and  established  by  grafting  their  scions  on  native  rootstock.  This 
approach  was  used  with  success  to  obtain  propagules  from  hybrids  growing  at  the 
Institute  of  Forest  Genetics,  Placerville,  California. 

Establishment  of  Seed  Orchards 

Once  the  superiority  of  selected  slash  pines  has  been  established  by  progeny 
testing,  methods  for  mass  production  of  superior  seed  of  desirable  crosses  will  have 
to  be  developed.    Seed  orchards  for  controlled  crosses  or  wind  pollination  will  be 
established.    Scions  from  the  promising  high-gum  yielders  have  been  grafted  on  potted 
understock  and  they  will  be  outplanted  in  a  seed  orchard  outside  the  natural  range  of 
slash  pine  or  in  an  isolated  area  within  its  range.    It  will  be  important  to  select  an 
outplanting  site  where  no  slash  pine  pollen  from  outside  sources  is  available. 
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Greenhouse  grafting  did  not  present  an  overall  advantage  over  field  grafting. 
Type  of  graft  was  of  greatest  importance  and  the  outcome  of  experiments  was 
dependent  upon  environmental  conditions  under  which  the  grafts  were  kept.  The 
bottle -graft  method  with  dormant  scions  proved  most  successful  and  it  can  be  em- 
ployed for  field  grafting  without  the  use  of  sweatboxes.    When  succulent  material  was 
used,  both  as  a  scion  and  as  understock,  the  cleft  graft  technique  resulted  in  a  large 
number  of  successful  unions.    These  latter  grafts  should  be  covered  with  polyethylene 
bags  and  kept  under  full  shade  until  a  union  is  formed.    The  unions  resulting  from 
succulent  graft  partners  are  very  strong  and  most  satisfactory. 

Anatomical  sections  obtained  from  young  slash  pine  grafts  at  weekly  intervals 
during  the  period  when  the  union  was  forming  did  not  show  any  evidence  of  incompat- 
ibility between  slash  pine  scion  and  stock.  Meristematic  cells  of  both  stock  and  scion 
had  started  cell  proliferation  within  one  week  after  grafting.    After  a  6 -week  period 
cell  differentiation  of  the  newly-formed  callus  tissue  had  progressed  well  and  the 
bridging  of  the  callus  layers  of  stock  and  scion  was  complete  along  several  contact 
points . 

Parenchymatous  cells  of  medullary  rays,  phloem,  cortex,  and  cambium  were 
active  in  bridging  the  space  between  tissues  of  the  stock  and  scion. 

The  induction  of  flowering  in  1-  to  2 -year-old  slash  pines  was  attempted  by 
grafting  young  slash  pine  seedlings  on  rootstocks  of  another  species,  genus  or  family. 
Heteroplastic  micrografts  were  established  successfully.    However,  flowering  did 
not  occur  within  the  expected  time.    The  following  graft  combinations  are  growing 
successfully  and  will  be  kept  for  further  observations:  slash  pine  on  slash  pine,  on 
loblolly  pine,  on  pitch  pine,  on  ponderosa  pine,  on  white  pine,  on  Douglas  fir,  on 
white  spruce,  and  on  Norway  spruce.  Slash  pine  grafted  on  Chamaecyparis  sur- 
vived for  8  months . 

Methods  developed  or  perfected  are  discussed  in  the  light  of  their  application 
to  forest  genetics  research. 
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APPENDIX 


Table  7.  -  -Experiment  1.    Survival  percentage  and  rooting  percentage  of 

the  cuttings  after  12  weeks 


Treatment  '    Block       [  Survival    '  Rooting 


Percent  Percent 


Solution  1 

;  30" 

Hg; 

no  storage 

A 

23. 

3 

6. 

7 

B 

26. 

7 

6. 

7 

Solution  1 

;  15" 

Hg; 

no  storage 

A 

16. 

7 

3. 

3 

B 

16. 

7 

3. 

3 

Solution  1 

;  30" 

Hg; 

storage 

A 

6. 

7 

3. 

3 

B 

3. 

3 

0 

Solution  1 

;  15" 

Hg; 

storage 

A 

16. 

7 

10. 

0 

B 

3. 

3 

3. 

3 

Solution  2 

;  30" 

Hg; 

no  storage 

A 

13. 

3 

0 

B 

20. 

0 

3. 

3 

Solution  2 

;  15" 

Hg; 

no  storage 

A 

23. 

3 

0 

B 

13. 

3 

3. 

3 

Solution  2 

;  30" 

Hg; 

storage 

A 

16. 

7 

3. 

3 

B 

0 

0 

Solution  2 

;  15" 

Hg; 

storage 

A 

0 

0 

B 

3. 

3 

0 

No  chemical  treatment;  no  storage 

A 

20. 

0 

3. 

3 

B 

26. 

7 

10. 

0 

No  chemical  treatment;  storage 

A 

6. 

7 

0 

B 

0 

0 
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laDie  o.  --nxperimeni        nooung  perceniage  01  ine  cutiings  alter  a  lg-weeK  period 


Treatment  Block  Rooting 

Percent 


(Al)     Basal  pretreatment;  needles  in  solution;  sand              A  20.0 

B  16.  7 

(A2)     Basal  pretreatment;  needles  sprayed 

with  solution;  sand                      A  3.3 

B  10.0 

(A3)     No  pretreatment;  sand  (control)                                     A  33.3 

B  20.0 

(Al)     Basal  pretreatment;  needles  in  solution; 

sand-vermiculite                  A  33.3 

B  36. 6 

(A2)     Basal  pretreatment;  needles  sprayed  with 

solution;  sand-vermiculite                 A  23.3 

B  23.  3 

(A3)     No  pretreatment;  sand-vermiculite  (control)                 A  36.6 

B  33.3 


Table  9.  --Experiment  3.  --Percentage  of  cuttings  alive  on  four  different  dates  — 


Treatment  Block         '    Oct.  31       '     Nov.  13  Dec.  11      "     Dec.  25 


1 

A 

100 

80.  0 

20 

0 

0 

1 

B 

100 

52.  0 

0 

0 

2 

A 

100 

76.  0 

32. 

0 

0 

2 

B 

100 

96.  0 

32. 

0 

0 

3 

A 

100 

80.  0 

8 

0 

0 

3 

B 

100 

52.  0 

32. 

0 

0 

4 

A 

100 

100.  0 

12. 

0 

0 

4 

B 

100 

84.  0 

16. 

0 

0 

XI     Cuttings  were  planted  in  a  propagation  box  located  in  a  greenhouse  of 
the  University  of  Florida  in  Gainesville. 


Table  10.  -  -Experiment  5.    Survival  of  cuttings  planted  in  4  types  of  media 

(In  percent) 


Medium 

:   Block  : 

Weeks 

since 

collection 

4 

:  6 

:  8 

10 

:  12 

1-1  fine  sand-vermiculite 

A 

100 

56 

7 

6. 

7 

0 

.0 

B 

100 

53. 

3 

23. 

3 

10. 

0 

.0 

1-3  fine  sand-vermiculite 

A 

100 

66. 

7 

10. 

0 

0 

•0 

B 

100 

43. 

3 

10. 

0 

10. 

0 

•0 

Vermiculite 

A 

100 

83. 

3 

13. 

3 

10. 

0 

10.  0 

B 

100 

83. 

3 

13. 

3 

13. 

3 

6.7 

1-1  coarse  sand-vermiculite 

A 

100 

70. 

0 

13. 

3 

13. 

3 

3.  3 

B 

100 

10. 

0 

6. 

7 

6. 

7 

6.7 
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Table  11.  --Experiment  6.    Effect  of  time  of  collection  on  survival  of 
slash  pine  cuttings.  Percentage  of  cuttings  alive  after  a 
60-day  period  in  the  propagation  beds 

:  Block 
Date  of  collection   


A  :  B 


Aucrust  21 

16.  7 

6.  7 

September  4 

20.  0 

23.  3 

September  18 

13.3 

20.  0 

October  2 

36.  7 

50.  0 

October  16 

50.  0 

60.  0 

October  30 

66.  7 

66.  7 

November  13 

76.  7 

83.3 

November  27 

33.  3 

53.  3 

December  11 

23.  3 

40.  0 

Table  12. --Experiment  8. 

Survival  and  rooting  of  cuttings 

etiolated  and 

wounded  at  the 

base  before 

chemical  treatment 

.    Data  taken 

after  14-week  period 

Treatment 

Block 

Survival 

Rooting 

Percent 

Percent 

Etiolation;  no  wounding 

A 

13.  3 

3.3 

B 

20.0 

13.3 

Etiolation;  wounding 

A 

.  0 

.  0 

B 

10.0 

.  0 

No  etiolation,  no  wounding 

A 

23.3 

13.  3 

B 

23.3 

13.  3 

No  etiolation;  wounding 

A 

30.  0 

23.3 

B 

43.  3 

26.7 
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